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PREFACE. 

ThE present volume, rallier lliaii belng regarded as 
a new piiblieation, may be looked upon as a eontinua- 
tion of a series of voluines pnhlished by ihe Seismo- 
lo^ieal Soeiety of Japan. This Soeiely was founded in 
1880, and for many years ils meetings were frt»quent 
and well allended. At one exhil)ition, whieh exlended 
over several davs, the visilors were so numerous that 
it beeame neeessary to admit them in delaehments. 
Of lale years, however, partly in consequence of those 
who took an activc inlerest in Seismologieal investi- 
gations imving left Japan, partly beeanse Geologieal, 
Engineering, and olher puhlieations aeeepted materials 
whieh formerIy found a plaee in the Transaetions of 
the Seismologieal Soeiety, and for various olher reasonS| 
llttle by little, interest at last so far flagged that it be- 
eame difficult even to obtain a quorum sufficient for 
the transaetion of the Society*s ordinary business. The 
result was that in 1892 the Seismologieal Soeiety eeased 
to exist. 

The work rt aeeomplished is eontained in sixteen 
yolumes. Seismographs whieh led to absolute measure- 
ments of earth motions were invented and the whole 
system of earthquake observation was ehanged. A ehair 
of Seismology at the Imperial University of Japan, and a 
Bureau eontrolling a Gentral Observatory and some 700 
outside Stations, together with many Seismologieal labo- 



ratories, were establislied. Tlie result, as is teslified by 
reeent publieations in various langtiages, and by llie 
types of instruments now employed in many parts of 
the world, being tliat earthquake investigations are 
now eondueted on lines very dlAPerent to those whieli 
were followed some thirteen years ago. 

As examples of results whieh have proved lhemselves 
to be of immediate utility, may be mentioned the adop- 
tion of various contrivances, espeeially tliose relating 
to steady points for the measurement of motions like 
the.vibration of steamships and railway trains, and the 
praetieal applieation of prineiples enahling us to mitigate 
the effects of earthquakes upon buildings. 

Many investigations remain to be earried out, and 
although the Seismologieal Soeiety has eeased its exist- 
enee, the writer trusts that he may have the assistanee 
of all who are interested in problems relating to earth 
movements in extending the work whieh has already 
yielded sueh satisfactory results. 

JOHN MILNE, 

14, Kaga Yashiki, Tokyo, 

Japan. 

Pebruary 2oth, 1893. 



ON THE MITIGATION 0F EARTHQUAKE EFFECTS 
AND GERTAIN EKPERIMENTS IN EARTH PHYSIGS. 



By John Milne. 

Propersor in thb Impkrial Univ*rsity of Japan. 

There seems but little doubt that sinee the earliest times, all 
irregularand sudden manifestations of nature's powers, whether 
by wind, by fire, by water, or by the shaking of the ground, have 
excited the imagination, given rise to superstitions, and as a 
result of terror and the terrible ef!ects of great disasters, ereated 
a desire to avoid results whieh might follow iheir repetition. 

As a remarkable illustration of this latler effect, we have the 
aetion of the Imperial Government of this eountry, who being 
desirous of avoiding a repetition of the disasters folIowing a 
shaking like that whieh on Oetober 28th, 1891, devastated the 
provinces of Mino and Owari, have set aside a sum of 42,000 
yen to be used as an assistanee in making investigations, wbieh 
while enlarging our knowledge of earthquake phenomena, will 
make us better able to mitigate their ef!ects. 

I do not know the ideas that eaeh member of the Imperial 
Parliamenl held when he voled for thisexpenditure — whieh, may 
be supplemented by additional grants in sueeeeding years — 
but it is fair to assume that the aetuating motive was to avoid, 
or at least to palliate, the effects of the terrible shakings whieh 
from time to time devastate this Empire. 

Last year in Gentral Japan over 4,000 square miles had been 
tossed into a sea of waves, the eountry was fissured throughout 
its length and breadth, forests had slipped like avalanches from 
A 
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. •tAountain sides, valleys had been eompressed and the areas of 
'. . I-tenements redueed. Allotments of ground had been relatively 
8hifted, whilst engineering struetures and buildings throughout 
the distriet had been shattered or destroyed. 

Official reports tell us that 9,960 people were killed, 1 9,994 
were wounded, 128,750 houses were entirely destroyed, and 
all other buildings within an area of many thousands of square 
miles were severely shattered. To sum the matter up, we are 
well within the mark if we say, that during at least half a 
minute Japan was suffering a loss at the rate of one million 
yen per seeond. 

There is but little doubt that the pieture of this disaster was 
in the minds of those who acquiesced in the proposal, and that 
theyeonsiderit would be well toprevent, or at least to mitigate, 
a repetition of sueh ealamities ; the nature of the work to be 
pursued, and the methods to be followed when earrying the 
same into effect were entrusted to a Gommittee eomposed of 
distinguished engineers, arehiteets, physieists, geologists, and 
other seientists in this eountry. 

To earry out the task that is now before them in its entirety, 
is an impossibility. £arthquakes eannot be prevented ; and 
so long as they eontinue, from time to time buildings must 
Saffer damage. There is, however, not the slightest doubt 
that by attention to the result of experience in this and other 
eountries, and by taking advantages of the knowledge gained 
from experiments on earth motion, more partieularly those 
whieh have been earried out in this eountry, so mueh may 
be done in the modification of various struetures that it will 
praetieally be an impossibility to have a repetition of a disaster 
80 extensive as that whieh reeently took plaee in Mino and Owari. 

So long as we negleet the results of these experiences and 
experiments, we may expect — nay we even invite — a repetition 
of those ealamities, and at any moment thousands of lives may 
again be lost and in a few seeonds the eountry may onee more 
be eompelled to meet a forced expenditure of many millions. 



AND GERTAIN EKPERIMENTS IN EARTH PHYSIGS. 3 

Rules, whieh, if earried iuto effect will most eertainly mitigate 
these natural ealamities, have already been formulated in many 
earthquake eountries, and, with the reasons whieh have led to 
their adoption, are to be found.in Vol. XIV. of the Transae- 
tions of the Seismologieal Soeiety of Japan. To bring these, or 
their modified form, into force, would no doubt be a proeeed- 
ing extending over many years. 

During this time, eertain speeial investigations, relating to 
the stability of walls, and the nature of eertain hitherto neg- 
leeted peeuliarities in earthquake motion, ought to be made. 
Further, we might even go so far as to see whether it is not 
possible to forewarn ourseIves against the eoming of these 
dangers. Up to the present all our endeavours to foretell the 
oeeurrenee of earthquakes have failed, and we are without means 
of definitely slating when and where an earthquake may be 
expected. Although the predietion of the^e fitful workings, 
from all that has hitherto been done, seems to be almost an 
impossibility, there yet remain investigations whieh should be 
made, before we relinquish what appears to be an impossible 
task, and in the following summary of what may be done to 
palliate the ef!ects of earthquakes, one of them is indieated. 

I . — CONSTRUCTION. 

Some years ago, at the suggestion of His £xcellency the 
late Mori Arinori, a Gommittee was summoned to eonsider 
Gonstruetion in £arthquake Gountries, and as a eontribution 
to the work, Ihe writer with the eooperation of his friends, 
eommunieated with all earthquake eountries in the world, and 
obtained from them rules and regulations respeeting building, 
whieh had beenenforced withtheob]ect of minimizingthe e£Eects 
of earthquakes. These, together with plans, drawings, opinions, 
the deduetions to be drawn from the author's observations in 
Italy, Manila, and ^apan, and also the results of many speeial 
experiments bearing upon eonstruetion, were embodied and 
summarized in Vol. XIV of the Transaelions of the Seis- 
mologieal Soeiety. These have been crilicized by engi- 
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neers in Japan, and in two papers read before the In- 
stitute of Civil Engineers in London, they were eommented 
upon at eonsiderable length by many who had been engaged 
in eonstruetion in South Ameriea and olher earthquake 
eountries. Taking this work as it now stands, it is the writer's 
opinion that it eontains 'sufficient material to form a basis 
for rules with whieh all buildings of a foreign type ereeted in 
the earthquake distriets of Japan should eomply. It also 
eontains mueh that may be taken advantage of. in the earrying 
out of engineering works, as for example in eonneetlon with 
railway work, and very mueh more that is eapable of appliea- 
tion in the ordinary Japanese dwellings. To extend the useful* 
ness of the latter, it is neeessary for arehiteets and builders 
working in conjunction, to determine how far the prineiples 
applied in a foreign earthquake-proof building, ean be applied 
to a Japanese house without altering its form or inereasing its 
eost. Can greater stability be obtained by diagonal braeing, 
by the introduetion of angle iron at joints, without sueh an 
extravagant eutting away of material as is at present praetieed, 
and by using a lighter roof, &c. ? It is evident ihat that mueh 
ean be done, but to aeeomplish it in a manner tending to 
minimize the difficultie8 of its adoption, eonsultations will have 
to be held with the ordinary builder, the house earpenter, the blaek- 
smith, and the manufacturersof tiles and other rooling materials, 
whilst disputed points must be subjected to experiment. 

Types of buildings, having in this way been deeided upon, 
models, drawings, and descriptive pamphlets of the same 
should be issued to all distriets where earthquakes are frequent. 
At important plaees full-sized buildings whieh may be utilize(l 
for government purposes, sehools, and the like, may be ereeted 
as required. 

This latter eourse would not only give aetual examples of 
what was required, but it would give loeal builders an oppor- 
tunity of fully realizing that whieh was required by others. 

Of next importanee eome the engineering struetures like 
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bridges, dykes, reservoirs, tall ehiraneys, &c. Up to the pre- 
sent almost everything has been earried out on the lines of 
European praetiee, and that this has failed, has been fully 
testilied by the results of the last great earthquake. For 
example, it is doubtful if a pier to earry a bridge has ever — 
either in ihis eountry or any other — been designed with a 
view, not only of earrying the superineumbent load, but of 
resisting more or less horizontally applied stresses due to its 
own inertia. 

A eommon wall put together wilh a mixture of lime and water, 
although perfectly stable, so far as its weight is eoneerned, is 
utterly valueless against horizontally applied forces. 

Reasoning and esperiments show us that these struetures 
should have horizontal seetions the strength of whieh deereases 
with the height, while the strength and adhesivity of the 
eementing material ought to approaeh that of the masonry. 

To earry these and other prineiples into force will require 
engineers to eonsider the results of their past experiences, the 
results of experiment and reasoning, to earry out new investi- 
gations, and finally to draw up rules to be fo11owed for eon- 
struetion in the future. 

2. — RULES AND ReGULATIONS. 

Taking the material already in our possession, espeeially 
that relating to buildings of a foreign type, it seems desirable 
that a summary of the same should be presented to the Im- 
perial Parliament for their eonsideration, wilh the object of 
subsequent legislation on these matters. 

At the present time, in Tokyo and all large eities, buildings 
of a foreign type are springing up with alarming rapidity, and 
the more they are allowed to inerease, the greater will be the 
disaster when they fall, and this, many of them will moat 
eertainly do on the oeeurrenee of an earthquake of moderate 
severity. 

In eonneetion with these laws, there are several points 
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of importanee whieh have eseaped the attention of legislators 
in other eountries ; for exainple : it would be well to 8pecify a 
deiinite' strenglh to be given to mortar or eement joints — it 
would appear to be advisable to make the regulations more 
rigorous for buildings in dangerous situations, as for example 
along a river bank, &c. 

3. — ^£XPERIMBNTS TO INGREASE OUR KnOWLEDGE 0F THB 

Naturb of £arthquake Motion. 
In consequence of work whieh was earried out in Japaii, 
and in Japan only, we have now absolute measures of earth- 
quake motion as received at any partieular point. We know 
the distanee through whieh a point moves baek and forth, and 
we know the rapidity with whieh these motions are performed. 
These quantities are no longer matters of opinion or dedue- 
tions from hypotheses, but they are reeorded as absolute 
measures whieh ean be used by the engineer when eonstruet- 
ing to withstand the forces they represent. For example : he 
ean say that the results of observation do not show that a build- 
ing is likely to receive a shoek greater than that it would ez- 
perienee if it were plaeed on a truek whieh eommenees to move 
with a velocity of 10 feet per seeond, and therefore rather than 
making a building strong, beeause an earthquake is strong, he 
ean eonstruet to withstand the effects due to a measurable 
force. Further, the results of experiments have shown him the 
form and strength required in different portions of his strue- 
ture. Again, experiments have shown that the motion 10 or 
20 feet below the surface is less than it is on the surface itself. 
Advantage has been taken of this discovery in the ereetion of 
8everal important buildings in Tokyo, whieh rise from a base- 
ment, instead of, as in ordinary praetiee, from the surface. In 
this and other ways, have scientific enquiries respeeting earth- 
quake motion resulted in knowledge whieh has received an 
immediate praetieal applieation. Mueh more, however, has yet 
to be learned before we ean state with confidence that oar 
knowledge of earthquake motion is approximateIy perfect. 
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For exainple : — it is desirable to know the length of earthquake 
waves, of whieh there are at least two kinds, waves whieh may be 
eompared to those of sound and those whieh are more like those 
we observe in water. In neither ease have we waves whieh are 
altogether truly elastie, or waves whieh are enlirely due to gravity, 
but we have waves embodying both of these eharaeters, the 
exact nature of whieh will vary with the eharaeter of the initial 
disturbanee^ their proximity to their origin, and with the nature 
of the medium through whieh they are propagated. 

To measure the former — whieh, like the latter, probably 
vary in length as they are propagated through a varying me- 
dium — we require more definite knowledge respeeling the 
yeloeity with whieh earthquake motion is propagated. The 
latter, whieh are notieeable at the time of large earthquakes, 
and when vertical motionis pronouneed, may be measured either 
in a similar manner, or by speeially designed instruments 
whieh give not only the period of their movements but also 
reeord their varying slope. 

In the latter ease, in order to define the dimensions, as well 
as the form of the passing waves, in addition to the informatioti 
respeeting period and ehange of form, we need reeords of the 
vertical displaeement. As ordinary seismographs for vertical 
motion may be a£fected by ehanges in inelination, a speeial 
form of seismograph, whieh will at least give an approximation 
to the true vertical motion, has been eonstrueted. 

As has often been pointed out before, both in diseussions 
and in print, we see that our present seismographs are of but 
little value as measurers of earthquake motion, whenever a 
vertical eomponent is strongly defined. At a distanee from 
an origin, near the end of a disturbanee when the earth waves 
are slow, aod on a plain like that of Tokyo, we have many 
reasons for believing that they are symmetrieal in form. For 
waves of this type the ordinary braeket seismograph has been 
used for measuring their angular configuration, and thus ap- 
proximate dimensions have been ealeulated. 
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An instrument more generally useful would probably be a 
quick vthrator^ whieh has small inertia, and, is in its aetion, 
dead'heat, The reeords of sueh an instrument taken on a 
quickly moving sur/aee, would give us information respeeting 
angular configuration ; and this, in conjunction with a know- 
ledge of period and vertlcal displaeement, would enable us to 
define the form and dimensions.^ We have evidently here a 
new field for experlment and observation, the results of whieh 
will extend our knowledge of the exact eharaeter of earthquake 
motion. 

As another example of the problems whieh are yet unsoIved 
is the determinatlon of the extent to whieh two neighbouring 
poinls of ground aeeord in iheir movements. The pracj;ical 
applieatlon of information of this eharaeter is obvious, for it is 
evident that if we are assured that a pieee of ground earrying 
a building moves similarly and simultaneously in all its parts» 
the eonstruetion of sueh a building may be dif!erent to one 
whieh is being raeked by one portion of it moving in one diree- 
tion whilst another part is moving in another. 

Another direetion in whieh seismologieal investigations may 
be pushed, is the determination of the relative intensities of 
earthquake motion as felt at a number of neighbouring stations. 
Some years ago a fairly aeeurate seismie survey was made of 
the eompound of the Engineering Gollege at Tora-no-mon, 
when it was shown that on a pieee of ground only a few aeres 
in extent, the motion experienced on one part of it was invari- 
ably very mueh greater than it was on other parts. In other 
words, the movements were so dififerent on the two sides of 
the eompound, that a building on one side of it might be shat- 
tered, whilst a similar building on the opposite side might re- 
main undisturbed. Investigations of this desoription need 
ampIification. 



^ An instrument designed and put up by the author intended to measnre ang^ar 
displaeements, eonsists of two similar paits plaeed at right sngles — eaeh part being 
a beam loaded at either end and earried on knife eiges at its eentre, as in an ordi« 
nary balanee. The portion eorresponding to the pointer of a balanee, moves a 
horizontaliy plaeed mnlttplying lerer, one end of whieh reeords its motion oo a 
moving smoked plate. 
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4. — An Ektknsion of the Functions of thk Earthquake 

BUREAU NOW KSTABLISHKD AT THK GhUWO KiSHODAI 

(Ghirikioku). 
Sinee 1882, the Ghirikioku has been in eorrespondenee with 
some 700 observers who are fairly evenly distributed Ihrough- 
out the empire. When any of these observers fcel an earth- 
quake, an aeeount of the same, together with sueh instrumental 
reeords as they may have, are forwarded to the Gentral 
Observatory. Based on these reeords, a map is drawn showing 
the area shaken by eaeh earthquake, and information relating 
to its direetion, intensity, and other things are reeorded. At 
the end of eaeh year a summary of these reeords is made, 
and the area of the land shaken per month, the times when 
earthquakes were mosl frequent, &c., are given in forms whieh 
are usually tabular. The work that is done is good, and it 
has undoubtedly already yielded results of great importanee to 
the student of earth physies. It is, however, eertain that this 
department desires the means of extending its usefulness, and 
it is to be regretted that material means to earry on analyses 
of the rapidly aeeumulating reeords, whieh are without par- 
allel in other parts of the world, are at present wanting. For 
example : it is desirable in addition to examining the reeords 
as a whole, to analyse the reeords of earthquakes from par- 
tieular origins separately, to devote partieular attention to par- 
tieularly sensitive areas, whieh from time to time show them- 
selves, first in oue part of the empire and then in another. For 
example : many months before the oeeurrenee of the great 
ealamity in Mino and Owari, it seems from the reeords, that 
small eartbquakes were unusually frequent to the north of Gifa. 
Possibly these may have been minor yieldings in the roeky 
erust, whieh heralded the iinal erash whieh devasted the 
surrounding distriet. By more extended investigation of the 
material already aeeumulated, by speeial investigation in 
the distriets where disturbanees suddenly beeome unusually 
frequent, and in many other ways, it seems that there might be 
a useful extension of the present fanctions of the Ghirikioka. 
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5. — PrEDIGTION 0F £aRTHQUAKKS AND MBASURIN6 SeGULAR 
MOYBMBNTS 0F THB EaRTH'S GrUST. 

If we were able to prediet the oeeurrenee of earthqaake8, we 
should at Ieast'have the opportunity of partially avoiding their 
more serious efEects. 

£arthqaake prophets have been namerous, some basing 
their predietions on peeuliar instinets, others on supposed 
peeuliarities in atmospherie eonditions, others on ealeulations 
respeeting the movements of subterranean tides, whieh, enter- 
ing cavities and tissures in the weaker lines of the earth's erast 
eause sudden yieldings. 

The predietions having been numerous, as a result of the 
laws of ehanee, it has oeeasionally happened that they have 
beenfulfilled. In the majority of instanees they have failed. 
At one time, many thought that the frequency of the minate 
movements ealled earth-tremors, might indieate the eoming 
of an earthqaake, mueh in the same way that the eraeking of 
a bending stiek announees the fact that the limits of elastieity 
are being passed and it is about to break. Carefal investiga- 
tions in ^apan, however, have shown that these movements are 
uneonneeted with earthquakes, and are more likely to be the 
results of stresses due to varying barometrie pressures exerted 
over areas of eonsiderable extent. 

The only way in whieh we are likely to be able to prediet 
earthquakes whieh suggests itself to the writer, is to determine 
whether they are preeeded by or are in any way related to slow 
ehanges of Ievel in the earth's erust. 

The hypothesis is, that earthquakes are the result of faalt- 
ing, and that faulting is due to a bending of the earth's orast 
beyond its limits of elastieity. 

The prineipal reasons for this hypothesis are : — 

I. £ven in voIcanic eountries, the ma]ority of the earth- 
qaakes whieh are reeorded do not appear to be in any way 
eonneeted with volcanic aetion. Before a voIcano eommenees 
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to erupt, there may be a few slight shakings of the ground, 
and there is eertainly another small disturbanee at the time of 
the iinal effort, when the roeky material above the erater 
mouth is burst asunder. These oeeurrenees are, however, rare, 
whilst earthquakes, many of 'whieh are large, are of eontinuai 
oeeurrenee, and whether a volcano is at rest or in a state of aeti- 
vity, these disturbanees do not appear to be in any way af!ected. 

2. £arlhquakes are frequent where we have evidence of 
seeular movements of the earth's erust ; as for example, of eoast 
elevation, or where mountain formation is possibly still in pro- 
gress. Along th6 Eastern Goast of Japan the borings of marine 
shells in a soft tuff roek give evidence of reeent eIevation. Near 
Yokohama, the average rate at whieh the eoast appears to be 
rising is, perhaps, a quarter of an ineh per year. £vidences 
of seeular movements are eommon in most volcanic distriets 
where earthquakes are frequent. Again, earthquakes oeeur in 
non-volcanic ^istriets like Switzerland and the Himalayas 
where mountains are geologieally young, and where it is likely 
that the erumpling of the earth's erust is yet in progress. The 
earthquake in Mino and Owari was in a non-voIcanic distriet, 
and it was aeeompanied by, and in all probability is the im- 
mediate result of the formation of a large faultand many minor 
ones whieh are now visible on the surface. 

3. After nearly all great disturbanees we have a long series 
of smaller shoeks, indieating the formation of minor faults, and 
a gradual sinking of the disturbed strata to a state of rest. On 
the faces of cliffs and other plaees where faults are exposed in 
seetion, it is a eommon observation that large displaeements 
are Aanked by many minor displaeements. These were pro- 
bably formed after the formation of the primary fracture, and 
represent the intermittent settlement of disjointed strata. 

Assuming then that the majority of earthquakes are inter- 
ruptions in the general proeess of eIevation, a water level, if of 
sufficient length, plaeed at right angles to an axis of ele^ation. 
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might possibly show Auetuations whieh would measure this 
proeess. 

Assame the level to be made of i^- ineh gas pipe about two 
ri (5 miles) in length, laid like ordinary water pipes but ter- 
minated at eaeh end by a vertical standard of glass tubing rest- 
ing on well eonstrueted masonry foundations, then, if any ehange 
in the general slope of the eountry aeross whieh the pipes were 
laid took plaee, it would eause the water to fall in the one 
standard, by an amount equal to the height it would rise in the 
other. Leakage (whieh^ however, might be eompensated for by 
a supply tank eonneeted with the line) would show llself by an 
equal amount of fall in eaeh of the standards. Reeords of 
the level of the water in the standards relative to their founda- 
tions, might from time to time be made by direet observatipn, 
or eontinuously by means of photographie apparatus. 

As it might be difficult to instal sueh an arrangement as is 
here proposed exactly at right angles to an axis of eIevation, 
two lines of pipes at right angles to eaeh other in any azimuths 
would be reqaired. One line of water pipes plaeed parallel 
to an axis of elevation eould not be expected to show any 
ehanges. 

Among the chief results that might possibly be reaehed by 
this experimenl, would be the determination whether seeular 
ehanges of level, in quantities sufficiently well defined and 
rapidly performed to be measurable by this elass of apparatus 
have an existence, and if they exist whether^they are in any 
way eonneeted with the oeeurrenee of earthquakes. 

In addition to these, the observations eould hardly fail to 
throw light upon the tilting of eolumns earrying astronomieal 
instruments, possible ehanges in the height of observatories, 
and other important ehanges relative to sea level, the rate at 
whieh harbours may be shallowing, the existence of earth pulsa- 
tons, and other phenomena eonneeted wiih the earth's erust, 
whieh have hitherto been outside the range of measurement. 
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As a eheek upon these experiments, at intervals of say a 
year, the difFerence in height between the two foundations 
might be determined by ordinary leveling. 

As a guide to determine where elevation is most pronouneed, 
and therefore where investigations respeeling seeular. ehanges 
may be best observed, the writer suggests that by means of eir- 
eulars sent to eaeh town and village on the eoast, information 
eould be obtained from the old residents as to whether sueh 
ehanges have been observed, or whelher there are traditions 
respeeting alterations in the level of the water relatively to the 
land.^ 

At eertain plaees, permanent roeks might be marked, aswas 
done by the Swedish Government, and the distanee between 
these marks and the average sea level reeorded. 

As the latter quantity is subject to eonsiderable fluctuations, 
we ean only hope to determine the existence or non-existence 
of elevation by this method of observation, after long intervals 
of time. 

The writer has suggested that the relaiwe elevation of two 
or more points may be more quickly determined by observing 
the difEerence in the reeords obtained at the same time from 
two or more tide gauges situated round the shores of a bay 
where the rise and fall of the tide is not excessive. 

If there is no ehange taking plaee between sea level relatively 
to the land, then these differences between the heights 
measured at the various stations, whieh heights are measured 
relatively to eertain beneh marks at those stations, should when 
the tide is in the same phase and there are no distrubanees, 
as for example, due to the piling up of the water by the wind, 
remain eonstant. The chief assumption here made is that 
during similar phases of the tide, the surface of the water has 
the same configuration. By means of a system of stations in 

^ With the kind assistanee of Prof. D. Kikuehi these enquirie8 are now being 
made. 
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nearly a straight line, the eonGgaraiioD of the water siuiaee 
nnder yarying eonditions along that line, might be determined. 
As an illostration of how the work might be systematieally 
perfonned we will assame that we have at least these tide- 
gnages, eaeh from lo to 20 miles apart, installed roond the 
shores of Tokyo Bay. With thts installation on a series of 
consecotive days, we ean readily determine the following 
partieolars : — 

1. Tolal rise of water from low water to high water. 

2. Whether the tide is inereasing or diminishing from day 

to day. 

3. Whether at any point in the vicinity of the mouth of the 

bay there is no tide. 

We ean then for one or all of these days determine the 
height of eertain beneh marks re1ative to high or low water 
(these being convenient phases of the tide) or the height at 
eaeh of the stations above water 1evel at the same tiine. 

Again, say a year afterwards, let us make similar observa- 
tions when the tide has the same total rise and is inereasing 
or diminishing as in the previous year. AIso it will be neeessary 
to determine whether the point of no-tide has remained fixedy 
and if not, re-determine the water eondguration. Then the 
difference of the differences between the indieations in this 
ease at the several stations and those of the previous ease, wil^ 
measure the relative rise or fall. 

Any dif!erence in the height at any one station is an in- 
dieation of total lise. It is evident that in order to measure 
these ehanges and to determine the axis of the movements it 
is neeessary to make observations at at least three stations. 

In reply lo ihe query as to the amount of ehange we expect 
to measure, we may say that the evidences of eIevation round 
the Bay of Tokyo are sufficient to lead us lo expect ehanges at 
least equal to that whieh, for example, has been determined on 
the eoast of Italy. 
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For example : — the temple of Serapis, near to Naples, sinee 
its eonstrnetion, whieh was anteeedent to the Ghristian era, — 
prior to the elose of the fifteenth eentary was sabmerged at 
least 20 feet, sinee whieh time it has risen 23 feet ; and sinee 
the eommeneement of this eentary it has again been sinking. 
The rate of sabsidenee has been determined at varioas times, 
being from i to i ineh annaally. 

Movements of this eharaeter are not loeal, and what is more, 
they are eommon to many parts of the world, espeeially in 
volcanic distriets. In the distriet near to Vesavias, during 
periods of volcanic aeti^ity, subsidenee appears to have been 
taking plaee, whilst when the voIcanoes were dormant eIevation 
was in progress. 

6. — Obskrvations on Faults. 
On ihe faces of the clifiFs surounding the Bay of Tokyo, 
ver7 many well defined faalts, having throws of from a few 
inehes ap to twenty feet or more, whieh might be stadied. 

Althoagh the roeks on either side of these lines of fractare 
have settled to a state of rest, yet the fact mast not be overlook- 
ed that they represent lines of weakness, along whieh, should 
loeal disturbanees oeeur, further yielding might possibly take 
plaee. For example : — Owing to a proeess of general elevaliont 
or at the time of a severe shaking, a gradual or sudden move- 
ment might oeeur. If the throws of several faults — seleeting 
for example several whieh were near to the stations for tide 
observations — were measured, any alteration in their measure* 
ments would indieate loeal subsidenee, whieh, although, prob- 
ably showing a eonneetion with earthquakes, must not be eon- 
founded with the more general movements extending over eon- 
siderable areas. 

7. — RlGIDITY 0F THE EaRTH'S CrUST. 

As has been suggested to the writer by Lord Kelvin, 
aeeurate determination of the veIocity with whieh vibrations 
are propagated through. the earth's erust, would lead to a 
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determination of a eertain eonstant ofien required by phy- 
sieists engaged in speeulation respeeting distortion of the 
earth's erust due to external attractive inHuenee. Already 
one or two determinations have been made of therate at 
whieh earthquake motion has been propagated between 
Japan and Europe, but before these ean be applied to the 
determination of elastie eonstants, it is neeessary that they 
be repeated with greater aeeuraey. The best observations of 
this nature are perhaps ihose whieh were made at the time of 
the great Gharleston earthquake, when veIocities for ihe pro- 
pagation of earlh waves reaehed 5,200 meters per seeond. As. 
an attempt to measure the bending of a mass of roek as it 
oeeurs in nature, some years ago the writer endeavoured to 
determine whether the roof of .the workings in the Takashima 
Golliery, whieh extend some distanee beneath the bed of the 
Pacific Oeean, was in any manner disturbed by the rising and 
falling of the tide. Instruments were prepared and forwarded 
to Nagasaki, butowing to the death of Mr. John Stoddart, who 
had kindly undertaken to make the neeessary observation, 
nothing was aeeomplished. 

8. — EXPERIMENTS IN BOREHOLES. 

Many years ago a borehole was sunk in the eompound of 
the Kobu-dai-gakko, to the depth of 100 feet, and at depths 
of 25, 50, 75, and 100 feet respectively, thermo-eleetrie junc- 
tions were established, whieh enabled the temperature at those 
depths to be measured at any moment. Boreholes, in whieh 
earth temperatures have been measured and heat gradients 
determined, exist in many eountries. 

In Germany we find seven holes eaeh exceeding 3,000 feet, 
and one of them at Sehladebaeh, over 5,700 fcet in depth. 
In the oil regions of the United States we have yearly about 
1,000 holes, sunk to depths varying between 1,000 and 3,000 
feet. 

From observations in these holes, mines, tunnels, &c., an 
average heat gradient has been obtained, and anything that 
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can be done by sinking a deep bore-hole in Japan, is not 
likely to add to our present knowledge more than what may 
be of loeal interest. A heat gradient, whieh we have rto 
reason to b^Iieve is likely to show iluetuations, ean be obtained 
for the roeks beneath a eertain loeality, and it will not be 
exactly the same as any other heat gradient. 

Geologieally and eommereially, a deep bore-hole, earried out 
in Tokyo for example, may lead to results of eonsiderable value. 

It will yield information to the Geologieal Survey, a bad 
quality of eoal, or hot water may be met with. £ven if only 
pure water is obtained, sueh a result may be of value in a eity 
not yet possessing a proper water supply. We do not, however, 
see that it is likely to throw new light upon seismie or voIcanic 
observation, the depth to whieh it may penetrate being so 
insigniiieant eompared with the depth at whieh we may expect 
voIcanic or seismie forces to have their origin. 

Although but little may be learned respeeting the organiza- 
tion of our mammoth by gently puneturing its skin, we must 
not forget that boreholes have hitherto only been utilized by 
physieists, as a means for determining heat gradients, and We 
may ask ourselves the question whether they may not be 
employed as a means for making other investigations. 
For example : — Earth enrrents are studied as phenomena 
resultant in differences*in potential between points on the sur- 
face of the earth. With a borehole at our disposal, may we not 
determine whether these forces have a vertical eomponent? 

9. — ^Yariations in Latitude. 

For many years it hasbeen sudpeeted, and now it is known, 
that we are sometimes from 50 to 100 feet liearer to the pole 
than at other times. For examp]e : at Berlin at the eommenee- 
ment of 1890 the latilude was 5i°.3o'.i7". In the middle of 
September it had gradually reaehed 52°.3o'.i7".56. By 
February, 1891 it had returned to 52°.3o'.i7".o6 and in June 
and July of that year it had risen to 5 2*^.30'. i7".53. 

B 
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It is eertainly remarkable that the period of maxima inerease 
in latitude in Berlin (whieh may eorrespond with a minima 
in Yalues forIatitude in Japan) should eoineide with a maxima 
of earthquake as reeorded in Japan, that is in August and 
September, 1889, and in May and June, 1890. Until further 
observations are made the writer is, however, inelined to regard 
these eoineidenees as aeeidental. 

10. — Obseryations on Grayity. 

When a pendulum is repeatedly swung at a given station, 
as might be expected, there is not an absolute agreement 
between the results leading to the ealeulation of the ac- 
eeleration due to the force of gravity. A question whieh 
presents itself is whether these slight differences are the 
result of instrumental and personal errors in observation, 
or whether it is possible to traee them to some more 
general iniluenee. For example : — It seems probable that 
when observations are made at the time of a tremor-storm 
we have earth movements of a pulsatory nature whieh 
might either aeeelerate or retard the swinging of a pendulum. 
The writer iinds that at the times when tromometie disturb- 
anees are pronouneed, delieate balanees are seriously dis- 
turbed. To swing a pendulum at an observatory daily for 
a year, would eertainly be an experiment, the result of whieh 
would be regarded with interest. 

The abnormal results of pendulum observations, made in 
the vicinity of mountain ranges, have led physieists to speeulate 
as to the nature of the foundation of these ranges. Will 
observations as to the value of gravity — made for example on 
the Aanks of Asamayama — show us anything respeeting the 
roots of our volcanoes' internal ehanges whieh foIIow or preeede 
great eruptions or seismie disturbanees ? 

II. — Magnetio and £lectric Phenomena. 
Although Prof. Tanakadate has shown that after the Nagoya- 
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Gifu earthqaake — whieh was aeeompanied by a permanent dis- 
plaeement of roeky strata — an exceedingly slight ehange is 
abservable in the isomagnetie curves, it does not seem likely 
that either magnetie or eleetrie phenomena will be the means 
of forewarning us of the eoming of earthquakes. 

No doubt mueh that is of interest may be aeeomplished by 
making speeial magnetie investigations near great lines of 
faults, and on the ilanks of our volcanoes, and for various 
reasons we may expect ehanges in the magnetie elements to 
be observable before and subsequent to eruptions. 

It must be remembered that, although so mueh has been 
written to show that there is a eonneetion between magnetie 
and seismie phenomena, that magnetie instruments established 
in Tokyo, although they are repeatedly shaken by earthquakes, 
have never yet shown any ehange other than that whieh might 
be produeed meehanieally. Similarly/ mueh has been ad- 
dueed to show a relationship between earthquakes and eleet- 
rieal phenomena like earth eurrents and sudden ehanges in the 
potential of the atmosphere relatively to the earth but ahhough 
many attempts have been made to observe sueh phenomona, 
no deiinite eonelusions have yet been reaehed. (See Earth- 
quakes in eonneetion with Eleetrie and Magnetie Phenemena : 
Transaetions of the Seismologieal Soeiety, Vol. XV. p. 163.) 



ON THE APPUGATION 0F PHOTOGRAPHY 
TO SEISMOLOGY AND VOLCANIC 

PHENOMENA. 



By Prof. W. K. Burton. 

There is seareely a braneh of art or seienee that does not at 
the present day eall in the aid of photography, either direetly 
or indireetly, and Seisinology is no exception. It may, there- 
fore, not be out of plaee in the ease of a journal partieularly 
devoted to this subject, to enumerate and briefly deseribe the 
various applieations of photography that have aetually been 
made, or that are suggested, in eonneetion with earthquake 
and voIcanic phenomena. 

First, of eourse, we have the eommon appiieation of photo- 
graphy to reeord the effects of earthquakes and of voIcanic 
eruptions. The value of photographs of this kind eannot be 
over-estimated, but it will not be fully appreeiated till eonsider- 
able time has elapsed, and until future Seismologists want to 
eompare the effects of earth^uakes and eruptions of their time 
with those of the present time. We ean imagine of what value 
tbey will beeome if we think what we would give for an 
aeeurate set of photographs of the effects of any historieal 
earthquake or eruption, say of the last eentury. Undoubtedly, 
ahundred or two of years henee, it will be 0£ the greatest import- 
^nee to geologists to be able to eompare the eondition, for 
esample, of Bandai-san with its eondition within a few days of 
tbe eruption, that blew its upper half into the air nearly five years 
ago. The more rapid ehanges in the interior of the eraters of 
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active volcanoes ean also thus be noted with advantage. £ven 
saeh seeular movements as the gradual rising or depression of 
eoasts may also, perhaps, be reeorded more detinitely than they 
have been heretofore. 

There is one thing that should be emphasized here, and 
that is the importanee of preserving systematieally all photo- 
graphs of the kind mentioned, printed by some permanent pro- 
eess. In eases where the photograph is of suoh general interest 
that the outside publie may be looked upon for the purehase 
of anything over about 50 eopies, the eollotype proeess is at 
the time of writing to be reeommended, in other eases the 
platinotype, in spite of its present comparalive expensivenes8 
on aeeonnt of the reeent great rise in the priee of platinum. Up 
to the present time, so far as the writer knows, sueh photographs 
as are of partieular seismie interest are to be found seattered 
through various publieations, but have not been systematieally 
brought together in any single eolleetion. 

Prof. John Milne has used photography in determining the 
curvature of the sides of'volcanoes. 

That is to say the inelination and curvature were measnred 
from photographs at the time in existence. In using photo- 
graphs for this purpose it is neeessary to be sure that the 
swing baek of the eamera was vertical at the time the photo- 
graph was taken, otherwise the measurements will not aeeord 
with the truth. Now, although photographers have been pretty 
well drilled into appreeiating the neeessity of having the swing 
baek of the eamera vertical in the ease of buildings, there are 
few that appreeiate the neeessily in eases where the sub]ect 
eontains no right lines, and the greater number of photogra- 
phers " tip " the eamera withont bringing the swing baek to the 
vertical again, in photographing a high mountain. This is, 
indeed, one of the reasons for the eommonly unsatisfactory 
rendering of mountains by photography. The effect of tipping 
baek the eamera, without readjusting the swing baek, is to 
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give an effect in the photograph, as if the mountain were lean- 
ing away from the eamera to just the amount that the ground 
glass leans baek. In other words the slope of the mountain 
is redueed, and the mountain is dwarfed. There may also be 
slight errors due to refraction. 

We next eome to another set of uses of photography that 
need liltle more than enumeration. Thus the reeord of an 
earthquake, by nearly every seismograph, is seratehed on 
smoked glass, the smoke film being afterwards fixed with 
eommon photographie varnish. It goes wiihout saying that 
photography is the best way of obtaining eopies of sueh 
reeords. The blue proeess is most eommonly used^ although, 
in the ease of the small diagrams given by braeketand duplex 
pendulum seismographs, more delieate proeesses have a de- 
eided advantage. Except for want of permaneney, albuminized 
paper is lo be preferred to anything else. 

It seareely needs to be staled that photography has been 
useful in produeing illustrations of seismologieal instruments, 
also, in a number of matters of detail sueh, for example, as the 
produetion of seales, with finer division than any that were 
readily proeurable maehine divided. 

We now eome to a eonrsideration of more speeial adapta- 
tions of photography to seismology, and, to avoid the neeessity 
for repeating his name every few lines, I state here that nearly 
all these adaptations are the work of Prof. John Milne F.R.S., 
the writer sometimes giving assistanee in some of the purely 
optieal and photographie parts. 

Some two years or so ago, an attempt was made to find 
whether any ehange in eleetrieal potential between the earth 
and the atmosphere preeeeded, aeeompanied, or foIIowed 
earthquakes. An instrument to keep a eontinuous poten- 
tial reeord was devised on the foIlowing lines. One ter- 
minal of a mirror galvanometer was eonneeted with a metal 
plate in a well of eonsiderable depth, the assumption being 
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that the polential of the well waler would be the same as 
that of the earth at the same depth. The other terminal 
was earried to a metal plate at the ground Ievel. A beam of 
light was ihrown on ihe gaWanometer mirror and, being re- 
Aeeted, was received on a pholographie plate, narrow and long. 
kept moving slowly in the direetion of ils length by eloekwork, 
A eontinually. ehanging polential was shown, and there were 
several eases in whieh there were deeided deHeetions at the 
times of earlhquakes, but there was not suf!icient eonsisteney 
in these lo make it evident ihat ihey were the result of any- 
thing but the meehanieal ef!ect of the shoeks on the galvano- 
meter. The subject is one that yet requires attention. 

There has been mueh investigalion of ** earth tremors" 
and ** earth tilting." We are aeeustomed to look on the ** solid 
earth/' apart from its planelary motions, as the very type of what 
Is stable and steady, but it is now known that it is never at 
rest. It is always trembling, and there is reason to believe that 
its surface is often slowly tilting in one direetion or in another. 
These motions are extremely small ; to get indieations of them, 
mueh less to measure them, is very difficult, and, up to the 
present, it has been impossible to separate them, one from 
the other, with eertainty. Thus no tremor reeorder has yet 
been made of whieh it ean be said with eertaintyy whether it 
is reeording irue tremors or ** tips." An ordinary pendulum 
will be affected by ** tilts " but not by tremors, unless these 
happen to eoineide with its period. The dif!iculty is to reeord 
in any way ihe extremely small motion of the beb of the 
pendulum. A partly successful attempt was made to soIvethe 
dif!]culty by photography. A silver bead was suspended by 
a silk fibre in a hollow stone eolumn, whieh prevented atmos- 
pherie influence. A beam of Iight*was thrown on the bead, 
and the image of the point of light, passing through a miero- 
obj.ective, plaeed vertically below the bead, gave an image of 
the spot of light on a plane at a eonsiderable distanee below 
it, along whieh a photographie plate eould be made to travel 
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by doek work, the motion of the bead being, of eourse, greatly 
multiplied, — being in fact multiplied in the ratio of the dis« 
tanee between the bead and optieal eentre of the lens* and 
the distanee between the optieal eentre* of the lens and the 
plate receiving the image. 

A word or two should be said on the optieal prineiples here 
mvoIved. If a silver bead were a perfect sphere, or in- 
deed, if the surface were everywhere convex, the form only 
approximating to a sphere, the spot of light produeed by the 
reflection of any souree of light, say a lamp flame, eould be 
made as small as might be desired, without being redueed in 
brightness. The further the souree of light is moved away 
from sueh a bead, ihe smaller beeomes the spot, but its bright- 
ness remains the same and is, indeed, at all distanees, Ieaving 
air absorbtion out of the question, the same as the souree of 
light itself, less a epnstant pereentage of loss onaeeount of ab- 
sorbsion of light at the reHeeting surface. This arrangement 
is, in fact, the '* artificial star" used by optieians in tesling 
teleseopie and oiher objectives, when it is not convenient or 
possible to focus on an aetual star. 

It was thought that, in the ease of ihis instrument, as ihe 
spot of light eould be made indefinitely small, at will, the 
image of the spot eould be made as small as might be desired, 
however great the ampIification. It was found, in praetiee, 
that this was not the ease. If the ampliiieation were great 
enough to be useful, the spot of light was too large to draw 
anything but a very wide line. The lens was a high elass i 
ineh micro-objective, and the fau1t was probably not in it. It 
ia likely thal the bead was not really convex throughout, but 
that the surface eonsisted of minute facets, or more likely 
grooves. If a bead of mereury eould by any means be used 
the results would probably be mueh better. 

£xcellent results have been got by the aid of photography 
* Mbre strietly one of the " prineipal points" of the lens. 
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by the tremor reeorder deseribed in a report on the Yoleanie 
Phenomena of Japan. (British Assoeiation Reports 1892.) 

The only difficulty here is that it eannot be known for eer- 
tain, whether these instruments are showing tremors or ** tips." 
In this ease the light passing through a narrow vertical 
slit, behind whieh there is plaeed a small lamp, passes farther 
through an objective, is received on the mirror, and is from it 
reflected on to a horizontal slit in the front of a box whieh 
eontains a photographie plale moving vertically by eloekwork. 
Of eourse any motion of the mirror of ihe instrument, whether 
produeed by iremors or ** tips " is amplified by the beam 
of light, whilst the horizontal slit euts off all superiluous 
light, so that a spot only reaehes the plate. Daily ob- 
servations were taken on plates 12 inehes long. 2^ inehes 
broad, moved by eloekwork, at sueh a rate that they took 24 
hours to travel their whole length. With this slow travelling 
vibrations were not separately registered. The breadth of the 
line aeross the plate, indieated the amplitude of ihe vibration 
at any partieular time and showed ihat there attained a maxi- 
mum at intervals five to ten minutes. In working with these 
slowspeeds it was found that the light of a small kerosene lamp 
was ample, if Ihe plates were rapid, but it was eonsidered 
advisable to get a reeord of the aetual separate vibrations 
during " tremor storms." To do this the plate was eaused to 
travel rapidly, at the rate of 12 inehes in about 30 seeonds. 
With this rapid travelling the light of a lamp was quite in- 
adequate, and a magnesium light produeed by the burning 
of magnesium ribbon was used. The aanexed diagram illust- 
rates the sort of reeords that were got on the slow travelling 
and on the quick travelling plates. Fig. i, that showing the 
result on a slow travelling plate, is aetual size, representing a 
part of the plate only. Fig. 2 showing the result on a quick 
travelltng plate, is redueed to its present size from a length of 
12 inehes. 

Of eourse the line of light that did the aetual photographie 
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work was an image of the slit, whieh slit' was made very narrow. 
I was surprised, in eonneetion whieh this, to find how little 
di£Perence it made what kind of objective was used to east 
the image. A high elass portrait objective was suggested, as 
on aeeount of the perfect eorreetion for both the spherieal and 
ehromatie aberration of the peneil's axial, or nearly so, I thought 
that the results would be mueh superior to those got with an 
inferior lens. To my surprise there was very little difference 
between the results got by the use of sueh a lens, and those 
got by the use of a single double-convex, or " erossed," lens, 
not even achromatized. 

In 1887 MM. Fouqu^ and Miehel L6vy deseribed a set of 
experiments ihey had made to determine ihe rate of trans- 
mission of shoek of an earthquake nature, produeed by 
exploding dynamite, and in other ways, through dif!erent 
kinds of soil, using a photographie arrangement for reeord- 
ing the time and durations of vibrations. An ineandesent 
eleetrie lamp threw a beam of light at an angle through 
a lens and on to the face of mereury in a dish. The re- 
flected beam of light was brought to focus on a revolving plate. 
If there were no molion, of eourse the light simply drew a 
eirele. If ihere were any vibration, the beam of light was set 
in molion, and the circumference line of the eirele was widened, 
and beeame indistinet. Thus the beginning, duration, and 
ending of the motion were indieated. 

So mueh for what has already been done. It may be worth 
the neeessary spaee to say a word or two about applieations of 
photography that are, as yet, only eontemplated. 

In the ease of all seismographs at present in.use the " steady 
point " is a comparatively heavy mass of metal. There are 
no objections to this in the ease of slight earthquakes but, in 
the ease of great ones, when we have tilting the mass is liable 
to over-swing ihe mark and to exaggerate the motion. There 
is also the objection that it is never known for eertain whether 
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SEISMOMETRIGAL OBSERYATIONS FOR THE 

YEAR 1890. 



ABSTRACTEb BY JOHN MlLNB. 
GONTENTS. 

Seismie Disturbanees and their Frequency* 

Number of Earthquakes in eaeh Season. 

Number of Earthquakes in eaeh Hour. 

Area of Seismie Disturbanees and Intensity. 

Number and Intensity of Earthquakes in eaeh Province. 

Table of Earthquakes (monthly). 

Notable Earthquakes : 



I.— Earthquake of January yth. 
2. — Earthquakeof Mareh i^th. 



3. — Earthquake of April i6th. 
4.— Earthquake of November lyth. 



Seismometrigal Obssrvations madb at thb Mbteorologigal 

Gbntral Obskryatory, Tokyo. 

Tables relating to Observations of Earthquakes during the year 1890. 

Frequency of Earthquakes per Season. 

Daily Frequency of Earthquakes. 

Intensity of Earthquakes. 

Direetion of Earthquakes. 

Nature of Earthquakes. 

I. — SsiSMie DlSTURBANGKS AND THEIR FrEQUKNCY. 

During the year 1890, the total number of £arthquakes 
whieh oeeurred in this eountry was 845. A glanee at the ac- 
eompanying map shows the distribution of these disturbanees. 

The Provinces most frequently disturbed, were Higo,* Mu- 

* In Higo 307 earthquake8 were reeorded. These were shoeks following the great 
earthquake of July 1K89. This explains the greater Seismie frequency for the whole 
eountry eompared with previous years. In Tokyo we had 93 earthquake8. Sueh a great 
Seismie frequency is partly due to the fact, as it is suggested in every annual report, 
that even very feeble earthquake8 have been observed by means of delieate Initru- 
ments set up in the Meteorologieal Gentral Observatory. 
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sashi, Shimozuke, Nemuro, Ka^usa, Shimosa, Hitaehi, Sagami, 
Iwaki, Iwashiro, Satsuma, Awa, Icizu, Suruga, Kdzake, Kai, 
Mikawa, Izumo, Rikazen, Bungo, Ise, Owari, Mino, KushlrOi 
Iwami, Bingo, Totomi, Rikuehiu, Mutsu, Ugo, Kii, Yeehigo, 
Shinano, Yechizen, Toshima, Aki, Ishikari, and Suo. (The 
arrangement is aeeording to the frequency). 

£ach of tbe above provinces experienced more than five eartb- 
qaakes, while theothershad less than five during the year. In 
the folIowing no earthqaakes were reeorded : — Inaba (i, W.), 
Hoki (4,N.E.), Mimasaka (i. N.),Oki, Nagato (6. N.E.), Sao 
(6, W.), Sanuki, Awa (6, W.), Tosa (7, S.), lyo (2, eentre), 
Bungo (i, W.), Chikuzen (6, S.), Hizen (7, N.), Ghikugo (4, 
N.), Satsuma (3,.W.),Iki,Tsushima, Teshio (nearly the whole), 
Ishikari (little, N.), Kitami (6, N.), and several islands. 



2. — NUHBER 0F EaRTHQUAKES IN EAGH SeASON. 

The foI1owing table gives the nnmber of earthquake8 re- 
eorded during eaeh month 1890 : — 

AteS <a>^»^<wO^ Q H<* 
Frequency.M... 65 ... 8j ... 80 ... 93 ... 66 ... 59 ... 55>' 48 ... 63 ... 98 ... 49 ... 84$... 70.3 

The maximam freqaency oeeurred in November, while the 
minimum was in September. The following table gives the 
freqaency in eaeh of season : — 

Spring. Summer Autumn Winter 
Seasoni. Mareh, April, Juiie, July, Sept., Oet., Dee, Jan., T«*tal. AY^rage. 

May. ' August. Nov. Feb. 

Frequency. 256 180 209 200 845 21 1.2 

The maximam seismie frequeacy oeeurred in Spring, while 
the minimum was in Summer. If we divide a year into the 
hot and eold seasons we have : — 

Hot Cold 

Seasons. (from April to Sept. (from Oet. to M&reh Total. Arera^.' 

inelusiye.) inclutlve.) 

Frequency 401 444 845 422.5 
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3. — NUMBER 0F EaRTHQUAKKS IN EACH HoUR. 

The following table shows earthquake frequency in eaeh 
hour : — 
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From the above we see that the greatest numberof earlhqaakes 
oeeurred between 2-3 a.m., and the next maximum frequency 
between 2-3 p.m. and between 9-10 p.m. ; whereas the 
minimumi was between 8-9 a.m. and between 6-7 p.m. and 
the next minimum between 5-6 p.m. If we took 6 o'eloek as 
the limit between day and night, we should have at night a 
greater number of earthquakes than during the day by 11. 

4. — Arka of Seismig Disturbanges and Intensity. 
The area shaken by an earthquake varied from a mere loeal 
traet up to an area of several thousand square ri, depending 
chiefly on the intensity of the shoek. In the fol]owing table, 
the number of earthquakes during the year has been classified 
aeeording to the size of the area disturbed : — One square ri 
=5.9 8q. miles. 

Area. Month9.c | | 1 | g t ^ 

Over x,ooo square ri... 4 3 3 6 5 a s x 
1,000— xoo 8quare ri ...9 7 7 IS 10 S 9 4 
Under xoo square ri ...73 55 73 59 78 59 49 50 
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96 


8.0 


40 


5a 


78 


41 


707 


58.9 



Total 86 65 8j 80 93 66 59 55 48 63 98 49 845 70.4 

From the above we see that out of 845 earthquakes, 707 
only disturbed areas less than 100 sq. r/, 96, areas of 100 — 
1,000 sq. r/, and the remaining 42, areas of over 1,000 sq. ri, 
Among the last 42 earthquakes, 2 shook an area of over 5,000 
sq. ri or about one fifth of ihe empire, and another shook over 
9,000 sq. ri or about three-eighlhs of the empire. 

•5« — NuMBER and Intensity of Earthquakes in each 
• Province. 

The number and intensity of earthquakes in eaeh Province 
during the year 1890 were as follows : — 

Provinces. Frequency. Severe. Mederate. Feeble. 

Higo 207 2 15 190 

Musashi loi 4 37 60 

Shimozuke 95 i 28 66 

Shimosa 67 2 23 42 

Kazusa 65 i 21 43 
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Provinces. Frequency. Severe. 

Hitaehi 63 4 • 

Nemaro ..., 54 — . 

Iwaki 48 7 . 

Sagami 43 5 . 

Mikawa 36 — 

Mino 36 I 

Iwashiro 35 — 

Rikuzen 34 2 

Satsuma 31 — 

Owari 30 i 

Suruga 29 4 

Idsu 25 7 

Ise 25 2 

Awa 24 I 

Kozuke 21 I 

Izumo 21 7 

Iwami 21 I 

Kii 21 — 

Bungo , 20 — 

Kushiro 20 — 

Ugo 19 3 

Shinano 17 2 

Kai 16 I 

Bingo 15 — 

Rikuehiu 13 i 

Mutsu 13 5 

Totomi 13 — 

Yeehigo 12 i 

Yechizen 10 i 

Aki 10 — 

Oshima 10 : 3 

Hiuga 8 i 

Uzen 8 — 

Ishikari 8 — 



Moderate. Peeble. 



• •* #••••• 



31 
10 

26 

28 
20 

15 

17 
12 

2 

21 

7 
6 

II 

8 

9 
4 
4 

5 

5 
16 

II 

8 

7 
6 

5 
4 

7 
5 
4 
4 

3 
4 
2 



28 

44 

15 
10 

16 

20 

18 

20 

29 

8 

18 

12 

12 

15 
II 

10 

16 

16 

15 
4 
I 

4 

7 
8 

6 

3 

9 

4 

4 
6 

3 
4 

4 
6 



36 



SEISMOMETRIGAL OBSERYATIONS 



Provinces. 
Biehiu 


Frequency. 
7 


Severe. 
..,, I 


Modertte. 
• ••. I ••• 


Peeble. 
c 


Ghikugo .,,.,. 


,,, ••• / ,,, ,. 

6 




.... 5 ••• 


• j 

I 


Suo 


6 

6 

6 


.,,, I 


...• ^ ••• 
% ••• 


.••!•• ^ 


lyo 

Shiribeshi ... 


. .. j ••• 

.••• 2 ... 


• •• !•• J 
^ 




...• 4 ••• 


2 


ehishima ... 


5 




. . . . f ••• 
.... 2 ... 


« 


Omi 


s 

c 


..,, i 


I ... 


• ••••• j 

« 


Shima 






•••••• o 

c 


Bizen 


••••*. j •,*•• 

K 




.... ? ... 


•••••• J 


Hoki 


.*.••• j .•••• 
C 




• ... j ••* 
.... 2 ... 


, « 


Iga 

Wakasa ,,,,,. 


• ••••• 5 ••• •• 

4, 


• ••• I .•••. 


.... I ••• 


• •• ••• J 

, 2 


••*... f •.••• 
4 


.... I 


• ••1 I ... 


2 


Kaga 

Yeehiu 


.,•••* ^ ..••• 
..•••• 4 ..••• 




.... I .•• 


^ 


• ••••• f ••••• 

4. 




• ••. I ... 


■••••• ^ 

3 

2 


Hizen 


■ ••••> ^ •■••■ 
4 ,.,,, 




.... 2 ... 


Hitaka 


•*..., ^ ,*••• 
4 


,.,. 2 


..•• I ••• 


I 


Iburi 


• •*••• f •*••• 
i 






^ 


Hida 


D 

,.,... q 




.... I ... 


O 

2 


Tango 

Harima , 


• •• ••• j **• *• 

3 

2 


.,., I 




2 


..,, I 


.... I ... 


I 


Awa 


J •*. •• 

3 

3 

3 

2 




.... ^ ... 




Tosa 




.... j ... 
.... I ... 


2 


Buzen , 


.... I 


.... I ... 


I 


Tokaehi 






2 


Yamashiro ... 


2 


,,.. I 


.... I ... 




Osumi 


2 






2 


Nagato 


2 




.4.. I ... 


•■•••• I 


Mimasaka ... 


2 




.... I ... 


I 


Tanba 


2 


.... I 


••.. I ••• 




Yamato 


2 


.... I 




I 


Nolo 


2 




.... I ••• 


I 


Awaji 

Kawaehi 


2 




• ••• 2 ... 




2 


.... I 


.... I ... 




Izumi 


I 


..** I 


• . . . "^^ . . . 


^_„ 



FOR THE YEAR 1890. 37 

Provinces. Frequency. Severe. Moderate. Feeble. 

Settsu I i — — 

Tajima i — i — 

Inaba ,..., i — i — 

Sado I — — I 

Thus Higo had 207, Musashi loi, Shimozuke 95, Shimosa 
67, Kazusa 65, Hitaehi 63, and Nemuro 54 earthquakes 
this year, while Izumi, Settsu, Tajima, Inaba, and Sado had 
eaeh of them only one earthquake respectively. 

6. — Intknsity of Earthquakes. 
Of ihe 845 earthqi]akes in the year 1890, there were 49 
severe disturbanees, 264 whieh were moderate, and 532 
whieh were feeble. Thus 6 per eent. of the total number of 
earthquakes in the year were severe, 31 per eent. moderate, and 
63 feeble. The provinces shaken by severe shoeks were as 
follows : — 

No. of Earthquakes. Provinces. 

7 Iwaki, Idsu, Izumo ; 

5 Sagami, Mutsu ; 

4 Hitaehi, Musashi, Suruga ; 

3 , Ugo, Oshima ; 

2 Shimosa, Rikuzen, Hitaka, Shinano, Ise, 

Higo ; 

I Yechizen, Yeehigo, Rikuehiu, Kozuke, 

Shimozuke, Kazusa, Awa, Kai, Mino, 
Owari, Iga, Omi, Yamashiro, Yama- 
to, Kawaehi, Izumi, Settsu, Harima, 
Tanba, Tango, Iwaini, Biehiu, Wa- 
kasa, lyo, 6uzen, Hiuga. 

Among the most severe earthquakes, we may eount the 
one whieh oeeurred in Idsu and its neighbourhood on April 
i6th, the one in Shtn-yetsu and neighbourhood on January 
7th, the one in Gokinai on Mareh iQth, the one in Hokkaido 
and Sanriku on November i^th, the one in Iwashiro and its 
neighbourhood on June i8th, the one in Mutsu and its neigh- 
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bourhood on November 7lh, the one in Sagami and its neigh- 
bourhood on September 6th, the one in Izumo and its neigh- 
bourhood on January 30lh, and lastly the one in Hiuga and its 
neighbourhood on Oetober loih. By these earthquake8, 
houses and buildings were damaged, stone lanterns and tomb- 
stones overthrown, artides on sheWes thrown down, pendulum 
eloeks stopped, and the area shaken was of vast extent. 

7.^ — Table of Earthquakks (Monthly). 
In the following table, provinces are classified aeeordingto 
frequency of earthquakes in eaeh month. The days of oeeur- 
renee and areas of severe earthquakes, together with the day, 
area, and provinces visited by the earthquake whieh shook the 
most extenives area in eaeh month are given : — 
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8. — NoTKs ON Spegial £arthquakks. 

The following short aeeounts only refer to the most notable 
earthquakes or to eharaeteristie ones whieh oeeurred during 
the year 1890 : — 

I. The earthquake on January yth oeeurred at 3.43 p.m. 
The area affected on ihat day was very wide, extending from 
Iwashiro, Iwaki, Hitaehi, Shimosa^ and Kazusa in the east, to 
Ise, Omi, and Yechizeu in the west, and reaehing far out into 
the sea towards the south and north. The area therefore in- 
eluded 26 provinces. Among the rest, Shinano (3^, N.W.) 
Yeehigo (iittle, W.), whieh cover an area of 360 sq. ri^ wero 
severely disturbed ; espeeially an area of 30 sq. ri extending to 
several gnm of Kami-Mizuuchi, Higashi-Ghikuma, Kita- 
Akutno, and Saragumi was most severely shaken and sufifered 
great damage. A report ^rotn the Nagano Observatory 
says that the disturbed area extended from Hi]iri*yama 
in the east, to Aogai-toge in the west, and from Ikuzaka- 
mura in the south to Mushikura*yama in the north, chiefly 
extending along the river Sai more than at the east-west. 
It is said that during this earthquake, in Ikuzaka, Higashi- 
Chikuma-gori, buildings and godowns were greatly damaged, 
mountains gave way, roads were destroyed, and tombstones 
nearly overthrown ; that in Hirotsu, Kita-Akumogori, earth 
slipped from houses, and buildings were inelined, artieles were 
thrown down, doors overthrown, and land on the mountaia- 
side was iissured like the markings on the shell of a tortoise ; 
that in Shinoda, Saragumi-gori, rents were made in walls, and 
sometimes stone lanterns and tombstones overthrown ; that in 
Tsuwa and Oyama, Kami-Mizuuchi-gori, artieles were knoeked 
down. slight eraeks were made in walls, and people fled out of 
doors, but in the latter, a great.number of godowns suffered, 
rents were made in walls, sometimes even moving their posi- 
tions, and in some spots water burst out oh the surface of the 
earth or a long iissure was made generally running from 
South-West to the North-east, the exact direetion depending 
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on the nature of the ground. In Kita-Ogawa, Kami-Mizu- 

uehi-gori, there were shiftings of roeks, roads buried, grave- 

stones thrown over, eraeks made in walls of godowns ; the 

beams of a house were shaken off and arlieles were knoeked 

down. In the Nagano Observatory near Ihe spot most severely 

shaken, the pendulum eloek was stopped. Besides Ihis, in Higa- 

shi-Chikuma-gori, Minaml and Kita-Akumo-gori, Saragumi- 

gori, Kami and Shimo-Mizauchi-gdri, Kami and Shimo-Takai- 

gori, and Uyeshina-gori, people fled out of doors and artieles 

were overthrown. In some spots in Yeehigo, itis said hangiug 

eloeks were shaken down, pendulum eloeks stopped, and a 

part of the walls broken down. Among ihe moderately shaken 

areas may be mentioned Shinano (6^, S.) Mino (2, N.E.}, 

Hida (9, E.), Yeehiu (9, E.), Noto (4, E.), Yeehigo (7, S.W.), 

Iwashiro (i, S.W.), K6zuke, Shimozuke (i^, W.), Musashi 

(4, N.W.), and Kai (7, N.), amounling to an area of 2,310 

sq. ri ; and among the areas of feeble shoek may be mentioned 

Musashi (6, E.), Sagami, Izu, Suruga, Totomi, Mikawa, 

Owari, Kaga, Sado, Kai (3, S.), Ise (4, N.), Omi (3, E.), 

Mino (8, S.W.), Yechizen (8, E.), Hida (i, W.), Noto (6, W.), 

Hitaehi (6, W.), Yeehigo ^3, N.E.), Iwashiro (5, eenlre), 

Iwaki (i, S.W.), Shimozuke (8|^, E.), Shimoza (7, W.), and 

Kazusa, (4, W.), amounting to an area of 3,180 sq. ri, The 

total area a£fected was 8,850 sq. ri, As to the nature of 

the motion, we had reports saying that the horizontaI 

motion was most general, whereas the up and down motion 

was felt in but few of the shaken areas. Among the areas 

shaken most severely we have Kami-Takai-gori, Shinano ; 

and Nish-Kubiki-gori, Yeehigo. Among the moderately 

or feebly shaken areas, we may mention Kami-Ina-gori, 

Shinano ; Nish-Chikuma-gdri, Shinano ; Minami-Kanbara- 

gori, Yeehigo ; Tone-gori, Kozuke, and Hokkai-gori, Mikawa. 

The motion was generally slow in all plaees, excepting in the 

neighbourhoods of the severely shaken distriets. The direetion 

of the motion was generally towards the origin of the disturb- 
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anee, but sometimes it was at right angles to it or indefinite. 
As to the duration of ihe molion it is said that in the severely 
&ffected regions the shoek had a short duration, while in the 
feebly affected distriets the duration was relatively long. The 
severe earthquakes were folIowed by several feeble shoeks ; one 
shoek took plaee at 3.48 p.m. on the same day and it was felt 
in 17 provinces, viz., Shinano, Kai, Hida, Yeehiu, Kaga, Noto, 
Yeehigo (7, W.), Kozuke (nearly the whole), Musashi (6, W.), 
Sagami (7, N.), Izu (little, N.), Suruga (nearly the whole), 
Totomi (4, N.), Mikawa (6, N.), Owari (7, N.), Mino (8, N.E.), 
and yechizen (3, W.), oeeupying an area 0^3,730 sq. ri ; and 
it is said that though feeble, Yena-gori, Mino ; and Shimo- 
Ina-gori; Shinano, were affected by this earthquake even more 
severely than by the foregoing one. 

2. The earlhquake on Mareh i^th, whieh oeeurred at 3.15 
a.m. — This earthquake was felt in 31 provinces, Go-Kinai*, 
Omi, Wakasa, Tango, Tanba, Tajima, Harima, Inaba, Bizen, 
Iga, Ise, Shima, Kii, Yechizen, Mino, Owari, Mikawa, Kaga, 
Hida, Totami, Awaji, Yeehiu (7, W.,) Shinano (6, S.W.), 
Kai (3, W.), Suruga (5, W.), Mimasaka (5, E.), and Biehiu 
(2, E.), covering an area of 4,110 sq. n', It espeeially was 
felt in 15 provinces Yamashiro, Kawaehi, Seltsu, Wakasa, Omi, 
Iga, Tango (15, E.), Tanba (9, E.), Harima (2, E.), Izumi 
(3, N.), Yamato (4, N.), Ise (5, N.), Mino (7, S.W.), and 
Yechizen (7, S.), oeeupying an area of 1,360 sq. ri; 
moderately in the provinces Mikawa, Shima, Awaji, Tango 
(5, W.), Tajima (7, E.), Harima (6, eentre), Tanba (i, W.), 
Izumi (7, S.), Kii (7, N.), Yamato (6, S.), Ise (5, S.), Owari 
(i, S.), Totomi (3, W.;, Shinano (i, W.), Hida (5, S.W.), 
and Yechizen (3, N.), oeeupying an area of 1,620 sq. ri; and 
feebly in provinces Bizen; Inaba (9, S.E.), Kaga (2, N.E.), 
Yeehiu (7, W.), Hida (5, N.E.), Shinano (5. eentre), Kai 
(3, W.), Suruga (5, W.), Totomi (7, E.), Kii (3, S.), Tajima 
(3, W.), Mimasaka (5, E.), Biehiu (2, E.) and Harima 

* The five provinces of Yamashiro* Yamato* Eawaehi, Izumi, Settsu, being the 
Imperial domain. 
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(2, W.), amounting to an area of 1,130 square r/'. It 
is said that in the last menlioned areas, here and there, 
there were persons who feli uo shoeks at all. As to ihe 
nature of Ihe motion, we were informed ihat a liitle up 
and down motion was fell in eaeh of the shaken areas, but it 
seems that it was generally horizontal. In may plaees roaring 
sounds were heard, and also feeble shoeks were felt every 
two or three minutes. Thus we see that the areas affected 
by this earthquake were very extensive, fortunateiy however, 
eausing no damage. 

3. The earthquake on April i6lh, whieh oeeurred at 9.30 
p.m : — On ihis day an earthquake was felt in 20 provinces : Izu, 
Suruga, Sagami, Musashi, Kazusa, Awa, Shimosa, Hitaehi, 
Shimozuke, Kozuke, Kai, Totomi, Mikawa, Owari. Iwaki (9, 
S.), Iwashiro (6, S.E.), Shinano (9, S.), Hida (5, S.E.),Mino 
(7, E.), and Ise (i, N.E.). Among the severely shaken areas 
may be mentioned Idzu, Suruga (i, E.), Sagami (8, S.), 
Musashi (i, S.), Kazusa (4, S.W.), and Awa, amounting to an 
area of 290 sq. ri. Amongothers, Shimodaand Miyakeshima 
in the province of Izu were most severely affected. In the 
latter, a shoek began wiih a thundering noise heard at about 
half-past uine in the evening. Its direetion was south-east ; 
and by the shaking, whieh was up and down, baek and forth, 
doors fell down, artieles on shelves were knoeked over, 
braziers were upset, pendulum eloeks stopped, and the sea- 
sbore gave way, destroying Okubo-hama, Kanzaki, burying 
roads, and thereby stopping traffic. Besides this, in several 
other villages many roads were destroyed and eraeks were' 
made on the surface of the earth ; whieh are said to have ex- 
tended towards the south-east. In Miyake-shima, after this 
earthquake, light shoeks frequently happened every ten minutes 
for some fifty times. Severe shoeks oeeurred on the lyth at i 
a.m., and at 6 a.m., but the number of shoeks gradually de- 
ereased to onee every 20 minutes or every hour. Onthe iSlhthey 
oeeurred about onee in two hours. Again, among the mode- 

D 



50 SEISMOMETRIGAL OBSERYATIONS 

rately shaken areas may be mentioned Snruga (9, W.), Td- 
tomi, Kai, Sagami (2, N.), Musashi (9, N.), Kazusa (6, N.E.), 
Shimosa, Hitaehi (7, S.), Shimozuke (2, S.), Kozuke (2, S.), 
Shinano (3, S.E.), and Mikawa (6, £.), amounting to an area 
of 2,150 sq. r/. Among the feebly shaken areas may be men- 
tioned, Kozuke (8, N.), Shimozake (8, N.), Hitaehi (3, N.}, 
Iwaki (9, S.), Iwashiro (6, S.E.), Shinano (5, eentre), Hida 
(5, S.E.) Mino C7, E.), Mikawa (4, W.), Owari, and Ise, (i, 
N.E.), oeeupying an area of 2,300 sq. ri, The total area 
shaken was 4,740 sq. ri. • 

4. The earthquake on November i^th oeeurred at about ^h. 
31' a.m. The area affected on the day was the greatest area 
shaken in 1890, exlending from Hokkaido in the north, to 
Shimozuke, Musashi, and Kazusa in the south. Among the 
8everely shaken areas may be mentioned Toshima (2, £.), 
Iburi (little, S.E.), Hitaka (8, S.), Tokatsu (2, S.), Matsu (4, 
£.), and Rikuehiu (i, N.E.), oeeupying an area of 880 sq. 
ri] among the moderately shaken areas may be mentioned 
Mutsu (6, W.), Rikuehiu (9, S,W.;, Ugo (5, N.E.), Rikuzen 
(6, N.E.). Toshima (8, W.), Shiribeshi (7, S,), Iburi (nearly 
the whole), Hitaka (2, N.), Ishikari (4, S.), Takatsu (8, N.), 
Kushiro (6, S.E), and Nemuro (i, S.), oeeupying an area of 
4,230 sq. r/; among the feebly shaken areas may be men- 
tioned Nemuro (8, eentre), Kushiro (4, N.W.), Kilami (3, S.), 
Ishikari(6, N.), Teshio (little, S.), Shiribeshi (3, N.), Ugo 
(5, S.W.), Rikuzen (4, S.W.), Uzen (nearly the whole), Iwa- 
shiro (8, E.), Iwaki, Hitaehi, Shimosa, Shimozuke (nearly the 
whole), Musashi (3, £.), and Kazusa (4, N.), oeeupying an 
area of 4,080 sq. r/. Thus ihe total area shaken was 9,190 sq. 
r/, beneath the oeean, Eastward from Rikuehu and Mutsu and 
Hokkaido. 

Earthquake Observations made at the Meteorologigal 

Gentral Obskryatory, Tokyo. 

During the year 1890, the number of earthquakes observed 



FOR THE YEAR 1890. 



51 



at the Meteorologieal Gentral Obseryatory was 93. The follow- 
ing lable shows at a glanee the date, direetion, intensity, ete, 
of these earthquakes : — 

9. — TaBLB 0F EARTHaUAKBS OBSBRVBD IN TOKYO DURING 

THB Yb4R 1890. 
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10. — Earthquakk frkquency per Month. 
During the year 1890, the number of earlhquakes in eaeh 
month was as follows : — 



Months. 
Frequency. 



3 ■••3 *** ^ •••I5***^T'** 5 *** ^^ *** 7 '** 't *** ^ *** ^ *** * *** 93 

From the above it is seen that the maximnm frequency oc- 
eurred in April, and the minimum was in Deeember. 

II. — ^Earthquakk frkqukncy pkr Skason. 

Year. Spring. Summer. Autumn. Winter. Ayerage. 
1890 35 24 22 12 23 
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The maximuin freqaency was in spring, while the minimum 
was in winter. 

12. — Frequency during Hot and Cold Psriods. 

Year. Hot. Gold. Arerage. 
1890 36 57 46 

From the above it is seen that the average namber of earth- 
qaakes during both periods was 46, and we had in the hot 
period a greater number of earthqaakes than during the eold 
period by 21. 
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13. — HOURLY FREQUENCY 0F EaRTHQUAKKS. 

The number of earlhquakes in eaeh hour during ihe year 
will be found from ihe following table : — 
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We see from the above that the maximum frequency was 
between 9 — 10 a.m. and no earthquake between i — 2 a.m. 

14. — Intensity of Earthquakes. 
Of the 95 earthquakes whieh took plaee in the year 1890, 
we will deseribe the most notable : — 

Horizontal Motion. V«rtical Motion. 

Max. Ve]. per Max. Aeeel. Max. Ampli- 
, Time of Oeeur- Dura- Max. range See. in per See. in tude in 

Date. renee. tion. in m. n. m.m. m.m. m.m. 

April h. m. s. m. s. 

i6th ... 9 30 47 p.m...7 0...3S.4 in a.y see.a^.^ 59.7 o.a in o 6sec. 

i^th ... 4 56 4«; a.m...8 o... 7.8 in 3.8 see... 6.4 10.5 little 

6 43 a6 a.m...6 30... 3.3 in 3.4 see... 3.0 5.4 — 

Jan. 

7th ... 3 43 25 p.m...5 o... a.o in 3 see... a.9 6.6 — 

April 

i,7th ...10 25 15 p.m...3 30,.. i.a in 3.5 see... 1.5 3.7 — 

May 
iSih ... a 36 9 p.m...5 30... 0.9 in a.a see... 1.3 3.8 — 

From the above it is seen ihat the most severe earthquake 
during the year oeeurred at ^h. 34' 47" p.m. on April i6th, 
and had a range 22.4 mm. The origin of this earthquake 
must have been somewhere in Shimoda in the province 
of Idsu and Miyakeshima. In the neighbourhood around 
these loealities roads were destroyed, rents were made in the 
ground, artieles fell down or were knoeked over, pendulum 
eloeks were stopped, &c. The next shoeks were those whieh 
oeeurred on April lyth. During the day there were three. 
They probably had the same origin as the one preeeding them. 
The earthquake of January /th took its origin somewhere in 
Shinano. Kami Mizuuchi, Higashi Ghikuma, Kita Akumo and 
and Sarakumi, were most severely shaken and suiTered mueh 
damage. The earthquake of May i^th had its origin some- 
where in Shimoda, Izu. This distriet was severely affected, 
but no damage was done. Among other earthquakes the 
shoeks of long duratiou were those whieh oeeurred at 4h. 56' 
45" a.m.; on April i/th, at ^h. 34' 47" p.m.; on April i6th, at 
6h. 42' 36"a.m.; on April i^th, at 2h. 36'9"p.m.; on May i^th, 
at 3h. 43' 25" p.m.; on January 7th, eaeh having a duration 
of 8', 7', 6' 30", 5' 30", and 5' re§peclively. AU the remaining 
shoeks had a duration of less than 4 minutes. There was only 
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one eanhquake whieh had a range greater than 20 mm., no 
earthquakes had a range greater than 10 mm., 4 earthquakes 
whieh had ranges, i to 10 mm., 28 were less than i mm., and the 
remaining 60 were so feeble that measurement was impossible. 
From the preeeding facts we may eonelude that severe 
earthquakes were few in number, about 90 per eent. of them 
being feeble. 

15. — DlREGTION 0F EaRTHQUAKKS. 

The prineipal direelion of motion of the 93 earthquakes ihis 
year were as follows : — 

S.S.W. S.W. W.S.W. E.S.E. S.E. S.S.E. 

Year: S. to N. to to to E. to W. to to to Unknown. 

N.N.E. N.E. E.N.E. W.N.W. N.W. N.N.W. 

1890 8 I 5 I 17 3 13 — 45 

Earthquake motion was therefore ehielly E.W., and after 
that S.E. to N.W. They oe'eurred least in the direetions 
S.S.W. to N.N.E., and W.S.W. to E.N.E., the next being S.S.E. 
toN.N.W. 

16. — Nature of Earthquakks. 

An earthquake may have a horizontal or vertical motion • 
and the motion may be rapid or slow. In the foIlowing table 
we show the nature of the earthquakes in 1890 : — 

KT..»..*^ Months. . -j . -t . . . , -3 

Nature. ej5*''n ^«^'«■«.♦i'^o J3 

eonbinalio.. of 1.0.1- l £ i ^ i -,S. i £ S:z. O S 

zontal and verti- 

eal inotion 2 i— — — i — 5 

Horizontal niolioM ... 22235 132421 I......28 

Unknown 334109385— 68 l 60 

Rapid — II — 2 131 142 1 17 

Slow 31—55231324 — 29 

Unknown 2 3 5 10 7 26 5 — 24 i 47 

Thus of 93 earthquakes, 28 were horizontal, 5 were eom- 
bination of horizontal and vertical, and 60 were not deHnitei 
being very feeble. The number of slow earthquakes exceeded 
that of rapid ones by 12, while 47 were so feeble that it was 
difficu]t to deteimine their period of vibration. 
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We see from ihe above that the maximum frequency was 
between 9 — 10 a.m. and no earthquake between i — 2 a.m. 

14. — Intknsity of Earthquakes. 
Of the 95 earthquakes whieh took plaee m the year 1890, 
we will deseribe the most notable : — 

Horizontal Motion. Yertieal Motion. 

Max. Vel. per Max. Aeeel. Max. Ampli- 
, Time of Oeeur- Dura- Max. range See. in per See. in tude in 

Date. renee. tion. in m. n. ro.m. m.m. m.m. 

April h. m. s. m. s. 

i6th ... 9 30 47 p.m...7 o. 39.4 in 3.9 sec...34.3 53.7 0.3 in o 68ec. 

I7th ... 4 56 45 a.m...8 o... 7.8 in 3.8 see... 6.4 10.5 little 

6 43 86 a.m...6 30... 3.3 in 3.4 see... 3.0 5.4 — 

Jan. 

7th ... 3 43 35 p.m ..5 o... 9.0 in 3 see... a.9 6.6 — 

April 

Lyth ...10 35 15 p.m...3 30... i.s in 3.5 see... x.5 3.7 — 

May 
igih ... 3 36 9 p.m...j 30... 0.9 in 9.3 see... 1.3 3.8 — 

From the above it is seen that the most severe earthquake 
during the year oeeurred at ^h. 34' 47" p.m. on April i6th, 
and had a range 22.4 mm. The origin of this earthquake 
must have been somewhere in Shimoda in the province 
of Idsu and Miyakeshima. In tbe neighbourhood around 
these loealities roads were destroyed, renls were made in the 
ground, artieles fell down or were knoeked over, pendulum 
eloeks were stopped, &c. The next shoeks were ihose whieh 
oeeurred on April lyth. During the day there were three. 
They probably had the same origin as the one preeeding them. 
The earthquake of January 7th took its origin somewhere in 
Shinano. Kami Mizuuchi, Higashi Ghikuma, Kita Akumo and 
and Sarakumi, were most severely shaken and sufFered mueh 
damage. The earthquake of May i^th had its origin some- 
where in Shimoda, Izu. This distriet was severely afiPected, 
but no damage was done. Among other earthquakes the 
shoeks of long duratiou were those whieh oeeurred at ^h. 56' 
45*^ a.m.; on April i^th, at ^b. 34' 47" p.m.; on April i6th, at 
6h. 42' 36"^.^.; on April i^th, at 2h. 36'9"p.m.; on May i5lh, 
at 3h. 43' 25" p.m.; on January 7th, eaeh havmg a duration 
of 8', 7', 6' 30^ 5' 30^ and 5' respectively. All the remaining 
shoeks had a dnration of less than 4 minutes. There was only 
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one earthquake whieh had a range greater than 20 mm., no 
earthquakes had a range greater than 10 mm., 4 earthqaakes 
whieh had ranges, i to 10 mm., 28 were less than i mm., and the 
remaining 60 were so feeb1e that measurement was impossible. 
From the preeeding facts we may eonelude that severe 
earthquakes were few in number, about 90 per eent. of them 
being feeble. 

15. — DlRECTI0N 0F EaRTHQUAKKS. 

The prineipal direetion of motion of the 93 earthquakes this 
year were as follows : — 

S.S.W. S.W. W.S.W. E.S.E. S.E. S.S.B. 

Year: S. to N. to to to E. to W. to to to Unknown. 

N.N.E. N.E. E.N.E. W.N.W. N.W. N.N.W. 

1890 8 I 5 I 17 3 13 — 45 

£arthquake motion was therefore chiefly E.W., and after 
that S.E. to N.W. They oeeurred least in the direelions 
S.S.W. to N.N.E., and W.S.W. to E.N.E., the next being S.S.E. 
to N.N.W. 

16. — Nature of Earthquakks. 
An earthquake may have a horizontal or vertical motion • 
and the motion may be rapid or slow. In the following table 
we show the nature of the earthquakes in 1890 : — 

eonbination of hori- §^^^^^S,?|SrlS g 

zontal and verti- 

eal tnoiion 2 i— — — i — 5 

Horizontal molioii ... 22235 132421 I......28 

Unknown 3 3 410 938 5—68 l 60 

Rapid — I I — 2 I 3 I I 4 2 1 17 

SIow 31—55231324 — 29 

Unknown 2 35 10 7 265—24 i 47 

Thus of 93 earthquakes, 28 were horizontal, 5 were eom- 
bination of horizontal and vertical, and 60 were not definite, 
being very feeble. The number of slow earthquakes exceeded 
that of rapid ones by 12, while 47 were so feeble that it was 
difficult to determine their period of vibration. 



ON THE OYERTURNING AND FRACTURING 

OF BRICK AND OTHER COLUMNS BY HORI- 

ZONTALLY APPLIED MOTION. 



BY 
JOHN MlLNE, F.R.S., 

Impbrial Uniyersity kjf Japan, Tokio, 

AND 

F. Omori, (Rigakushi), 
Impbrial Uniyersity of Japan, Tokio. 

' The following paper gives an aeeount of a series of experi- 
ments earried out with the object of determining the aeeelera- 
tions neeessary to overturn or fracture eolumns of various 
deseriptions standing freely, or fixed upon a truek whieh was 
moved horizontaIly baek and forih through a small range of 
motion. As the object of these experiments was to furnish 
those who have to build in earthguake eountries with data 
respeeting the quantity of motion eertain forms of strueture 
might be expected to withstand, the range of baek and forth 
motion employed was from a half to four inehes, — quantities 
whieh are eomparable with the greatest extent of earthquake 
movement of whieh we have any sure measurements. 

As examples of sueh reeords we quote the following : — 

I. — For the Neapolitan £arthquake of 1857 from observation 
on eraeks in buildings and other phenomena, Mr. Mallet 
estimated amplitudes of motion of from 2.5 to 4*7 inehes. 
From projection phenomena and the dimensions of bodies 
whieh were overturned, the same investigation determined 
maximum velocities, the average of whieh may be taken at 12 
feet per seeond. The fact that these data lead to the eonelusion 
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ihat the period of awave woiild be about 0,125 seeonds, where- 
as we know from observatioiis in Japan that period inereases 
with amplitude, and that waves with ampliludes of even one 
ineh have invariably a period of at least one seeond, we are 
eompelled to aeeept Mr. Mallet's eonelusions with eaution. 
Yet until absolute measurements of earthquake motion were 
made in Japan Mr. Mallet's investigations respeeting the 
amplitude and period of earihquake vibrations were by far the 
best to be obtained. 

2. — Pebruary 22nd, 1880. On hard ground. in Tokio a 
range of 21 millimetres was reeorded. From the measurement 
of many earthquakes on simHar ground we may safely eon- 
elude that the frequency of the vibrations did not exceed one 
per seeond. This indieates a maximnm velocity of 60 mm. 
per see. and a maximum aeeeleration of 360 mm. per see. 
per. see. A few ehimneys fel], tiles were projected from' 
the eaves of buildings, and one or two walls were slighty 
eraeked. In Yokohama the range of liorizontal motion was 
from 15 mm. (f in.) to 50 mm. (2 in.). Many briek ehimneys 
fell, tiles were shaken loose, some buildings were unroofed, 
gtave stones were rotated, walls were eraeked, and many 
bodies, like liles, &c., and eoping stones, were projected. 

Oetober i^th, 1884. — In Tokio, on soft ground, the greatest 
range of motion was 43 min. and the period 2 seeonds. This 
indieates a maximum velocity of 68 mm. per see. and a maxi- 
mum aeeeleration of 210 mm. per see. per see. One or two 
ehimneys fell and a few walls were eraeked. 

January igth, 1887. — The observations at three plaees in 
Tokio, the first of whieh is on soft ground, and the latter on 
moderately hard ground, were as follows : 

Range of Period Period oC 

motion in in Maximum Maximnm Vertical Vertical 

Millimetre. Seeonds. Velocity. Aeeeleration. Motion. Motioii. 

Hitotsubashi . 21 ..h... 2.5 26 66 1.8 0.9 

Hongo 7.3 2.0 12 36 ...... 1.3 1,6 

Gliiri Kioku... 19.2 2.3 24 64 5.5 0.8 

In Tokio a few briek walls were eraeked slightly. 
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In Yokohama, abont lo miles nearer to the origin of the 
disturbanee where a horizontal motion of 35 mm. was reeorded, 
many ehimneys fell and buildings were shattered. 

The eonelusion is Ihat when there is an earth movement of 
18 mm. (f in.) or over, the period is usualiy sufficiently short 
to result in aeeelerations eausing destrnetion, and ranges of 
motion used in the experiments may be deseribed as eom- 
parable with the moiions that struetures may have to withstand 
in earthquake eountries. 

Earthquakes have undoubtediy oeeurred where movements 
greater than four inehes have been experienced, but measure- 
ments of these movements are not obtainable. Eye-witnesses 
testify to the fact that the ground has thrown out wave- 
like undulations, and buildings therefore have not . simply 
been subjected to horizontal stresses but have been tipped and 
roeked. Saeh disturbanees are, moreover, extreraely rare, 
and even when they do oeeur the areas where the motipns 
have exceeded the limits diseussed in the following paper 
have been small. 

The reasons why the effects due to the vertical eomponent 
of motion have been overlooked are, first, the difficulties of 
experiment, and seeondly the fact that in all earthquakes re- 
eorded in Japan the vertical eomponent is invariably very 
small as eompared with the horizonlal movement. In the 
ease of the earlhquake of January i^th, 1887, just given, it will 
be seen that the range of motion for the vertical eomponent 
is to that of the horizontal eomponent in the ratio of i to xo; 
at the most i to 4, the latter being unusually large. 

The only other experiments bearing on the oseillations 
neeessary to overturn bodies of various dimensions are those 
given by one of the present authors in a paper on Seismie 
Experimentfc in Vol. VIII. of the Transaetions of the Seismo- 
logieal Soeiety.^ These experiments, whieh only refer to ex- 

* ■ - ■ — — ■ — - -■ - . ■ .- - 

(*) Seismie Experiments, by John Milne. Trains. Seis., Soe., Vol, 
VH., pp. 1-82. 
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eeedingly small eolumns of wood, are again referred to in thej 
following papers. 

Theoretieal investigations, many of whieh are due to the Revi 
Samuel Haughton, P.R.S., respeeting overturning, fracturing|| 
and projection, are given by Mr. Mallet in his elassieal worl 
on the Neapolitan £arthquake^. 

The overturning and roeking of eolumns has been treat< 
by Messrs. Milne,* Gray,' Perry* and West.* The effecl 
produeed by earihquakes of known dimensions in causin( 
overturning, fracture, projection, rolation, &c., maybe found 
reference.to the deseriptions of earthquakes given in the Trani 
aelions of the Seismologieal Soeiety. Mr. Mallet and oth< 
investigators, who worked prior to the establishment of tl 
Seismologieal Soeiety, used the de$tructive phenomena of eai 
quakes to determine ihe dimensions of the earthquakes. Tl 
folIowing experiments show how far the hypothesis then ei 
ployed ean be regarded as eorreet. 

For assistanee in earrying out the experiments, the authoi 
thanks are espeeially due to Mr. D. Larrieu, representative 
DecauviIIe & Co., who put at their disposal the truek and rai 
on whieh the experiments were made ; Mr. K. Tatsuno, Pre 
fessor of Arehiteeture, who designed and built the walls ai 
eolumns; the Authorities of the Imperial GoIIege of £ngine< 
ing, who furnished ihe workshop aod workmen ; Mr. Y. Yamt 
gawa, who superintended and furnished the eleetrieal a) 
plianees ; and finally to their eolleagues who from time to tii 
rendered valuable assistanee. 

The method of eondueting the experiments will be undel 
stood by reference to Fig. i A is a steel-framed truel 
with a wooden floor, measuring 3'.6" by 2',S", ihe gau| 
of the rails on whieh it moved being 26", The baek and fort 

^ The Neapolitan Earthqual€e of 1857, by Robert Mallet, P.R.S., &c. 2 

• Trans. Seis. Soe. Vol. 111, p. 44 — 48. 

• Trans. Seis. Soe, Vol. III. p. 48 — 49. 

• Trans. Seis. Soe. VoI. III. p. 103 — 106. 

• Trans. Seis. Soe. Vol. VIII. p. 35 — 36. 
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mOYement of this was given by a eonneeting rod B, about 10 ft. 
long eonneeted by the erank C to the shaft D, whieh was 
turaed by hand, there being a large fly-wheel to insure regularity 
of motion. Golumns or walls to be fractured were fixed upon 
the truek A by bloeks of wood ££ whieh were first brought to- 
gether horizontaIly by eramps and then bolted down as shewn 
in plan and elevation. It will be observed that the range of 
motion of the iruek ean be altered by the slot and erank ar- 
rangement shown at C. The baek and forth motion of the 
truek A. was reeorded by means of a peneil at the end of the 
arm F. writing on a band of paper passing over the drum 
driven by the eloek H. The speed of the paper was 
reeorded by the arrangement shown at I, eonsisting of a small 
pendulum swinging aeross a pool of mereury and eompleting 
the eireuit of a battery and an eleetro magnet. At eaeh eom- 
pletion of the eireuit, whieh oeeurred at intervals of about i 
seeond, the eleetro magnet deflected a Iever earrying a peneil 
resting on the paper earried by G. At J there was a seeond 
battery, eleetro-magnet, lever, and peneil. This eireuit was 
elosed by a key at the moment of overturning or fracturing 
and a mark was made on the paper opposlte the partieular 
vibration whieh was taking plaee when sueh result oeeurred. 

Fig 2 represents the diagram obtained when overturning a 
briek standing freely on its end with its flat side facing the 
direetion of motion. It will be seen that the baek and forth 
motion eommeneed gently, the wave A being deseribed in 1.4 
seeonds, this inlerval being determined by reference to the 
time seale, 27 tieks on whieh, eorresponding to 27 swings of 
the pendulum, being deseribed in 10 seeonds. When B was 
deseribed, whieh by measurement has a period of 0.71 seeonds, 
the briek was overturned, the overturning point being shown 
by the tiek at D in the line D£. The amplitude or half 
range of motion at B or C is 18.7 millimeters. On the as- 
sumption of a simple harmonie motion, ealling the period T 
and the amplitude a, from the formuIa 
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inovement of this was given by a eonneeting rod B, about 10 ft. 
long eonneeted by the erank C to the shaft D, whieh was 
turned by hand, there being a large fly-wheel to insure regularity 
of motion. Golumns or walls to be fraclured were fixed upon 
the truek A by bloeks of wood ££ whieh were first brought to- 
gether horizontaIly by eramps and then bolted down as shewn 
in plan and elevation. It will be observed that the range of 
motion of the iruek ean be altered by the slot and erank ar- 
rangement shown at C, The baek and forth motion of the 
truek A. was reeorded by means of a peneil at the end of the 
arm F. writing on a band of paper passing over the drum 
driven by the eloek H. The speed of the paper was 
reeorded by the arrangement shown at I, eonsisting of a small 
pendulum swinging aeross a pool of mereury and eompleting 
the eireuit of a battery and an eleetro magnet. At eaeh eom- 
pletion of the eireuit, whieh oeeurred at intervals of about i 
seeond, the eleetro magnet deflected a Iever earrying a peneil 
resting on the paper earried by G. At J there was a seeond 
battery, eleetro-magnet, lever, and peneil. This eireuit was 
elosed by a key at the moment of overturning or fracturing 
and a mark was made on the paper opposite the partieular 
yibration whieh was taking plaee when sueh result oeeurred. 

Fig 2 represents the diagram obtained when overturning a 
briek standing free1y on its end with its flat side facing the 
direetion of motion. It will be seen that the baek and forth 
motion eommeneed gently, the wave A being deseribed in 1.4 
seeonds, this interval being determined by reference to the 
time seale, 27 tieks on whieh, eorresponding to 27 swings of 
the pendulum, being deseribed in 10 seeonds. When B was 
deseribed, whiehby measurement has aperiod of 0.71 seeonds, 
the briek was overturned, the overturning point being shown 
by the tiek at D in the line D£. The amplitude or half 
range of motion at B or C is 18.7 millimeters. On the as- 
sumption of a simple harmonie motion, ealling the period T 
and the amplitude a, from the formuIa 
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the inaximum ve1ocily may be ealeulaled. Olher guantities 
whieh foIlow from the above are -^or maximum aeeeleratioD, 
V/^ or mean time aeeeleration. 

Calculations Emploted. 

For various reasons, amongst whieh the following are the 
prineipal, it seems impossible to absolutely determine the 
quantity of motion neeessary to overturn a body of given 
dimensions. 

I. — The body may be set in motion and by roeking wilh a 
definite period and amplitude when it receives the final impulse 
whieh may determine ils overthrow. 

2. — Bodies like eolumns standing on end have a period of 
oseillation varyiug with the are through whieh they roek. 

3. — An earthquake seldom if ever ponsists of a single sudden 
movement, butof a series of movements whieh eontinually vary 
in amplitude and period. 

4. — Although an earthquake may eonsist of a series of move- 
ments whieh are reeorded as a series of distinet wave8, it 
often happens that sueh waves are aeeompanied by smaller 
superimposed waves. 

The seeond and third reasons would lead lo the eonelusion 
that a body might be overturned by movements of exceedingljf 
small amplitude, provided that the periods of these movementa 
deereased at the same rate that the period of the oseillating 
body deereased. 

AUhough the effects of earthquakes may be aeeelerated or 
retarded by the above mentioned phenomena, the destrae- 
tion chiefiy oeeurs with the larger movements ; therefore by 
only eonsidering these, although the analysis is imperfect, the. 
results obtained are sufficiently near the truth to earry with 
them a praetieal significance. 
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Oyerturning. 

Oar eolleague, Prof. C. D. West, treats the subject as follow8 : 

Let Mbe mass of a eolumn resting on tbe 
ground undergoing an aeeeleration of ftett 

F per see. 

Let y be the heigh t of the eentre of gravity 
of the eolumns, and x the horizontal dis- 



^ tanee of the eentre of gravity from the edge 

^ about whieh it may turn. 

The inertia of the eolumn is equivalent to a force 

F^M/ 
The overturning moment 

Fy=M/y 
This is opposed by the moment of the weight or 

Wx=Mg x—M/y 

X 

whenee /=g^ 

If / exceeds this value the eolumn may go over, if less it 
tnay stand. 

If theeolumn is praetieally at rest when it receives the ac- 
eeleration / it ought to fall, but if it is in a state of oseillation 
its fall may be hastened or retarded. 

It will be shown that the quantity g- whieh only depends 

on the dimensions of a body, often elosely agrees with the ob- 

8erved quantity — or maximum aeeeleration. 

When V and T are small, g— is nearer to the observed 

V 

qaantity T or mean-time aeetleration. 

Mr. Mallet, by equating the statieal work done in raising the 
eentre of gravity of a body up to the edge over whieh it fall8 as 
equal to the kinetie energy of rotation, obtains the formula : — 

I^*==2^X X r-— ^ 

* a eos* 
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when 0=the angle formed between ihe verti- 
eal edge of the body and the line ]oining its 
eentre of gravity and the edge about whieh it 
turns 
fl=the distanee of ihe eentre of gravity from that edge, 
k=t\\e radius of gyration about the same edge. For solid 

reetangular solids k^ = — . 

^=acceIeration due to gravity, 

zr=the veIocity when suddenly applied horizontaIIy to the 
eentre of gravity of the body is able to bring it verti- 
eally over the QdgQ about whieh the body rotates. 
For a reetangular bloek ^ ^ ,^ ^^^ .x 
trom ihe above, v*=2g ^ ^^^ , . ' 



V = 



2 P" a 



eos <l> \ 3 

The formuIa is only true on the assumption of a sudden 
impulse, whose aetion has praetieally eeased before the bloek 
has begun to move. In this ease the value of the impulsive 
eouple or moment of the impulse about the fixed edge is 

fnva eos 
where m is the mass of the bloek. 

The impulse, however, whieh aets on the bloek evidently de- 
pends upon the aeeumulated aeeeleration for the half period of 
motion to whieh the body is subjected. 

Takingsimple harmoniemotion we have for displaeement: — 

. 27r 

X = a stn — t 
T 

where a = amplitude and T= period. 

The aeeeleration is then : — 

And the total impulse for half period is 

I =:2\mx" dt 
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= /« X 



4 TT a 



= m X twiee ihe maximum velocity. 



Oykrturning Accklkration. 

Here we have (i)/=- ^ or {2) /y = xg. 

If, therefore, we have a series of eolumns of different helghts 
but of the same width, equation (2) gives a relation between 
the heights or lengths and ihe aeeelerations neeessary for over- 
turning. Supposing x eonstant (2) is represented by a reet^ 
angular hyperhola with y and / as eoordinates. The theo- 
retieal curve8 in Fig8. 3 and 4 have been eonstrueted from 
cquation (2) by putting x=i, 

If the eolumns have the same height but diSPerent widths, 
equation (i) may be represented as a straight litu through the 
origin with x andy as eoordinales. 

BODIKS 0VKRTURNED OR FraCTURKD. 

In the following list the bodies overturned or fractured are 
enumerated following the order in whieh the esperiments wer^ 
made. In deseribing the experiments classifications have been 
made aeeording to the nature of the experiments. 



No. of Ex- 
periments. 



I. 
2. 

3' 4- 5 
6. 7. 

8. 9. 

10. II. 

12. 13. 

14. 



Nature of Bodies. 



Dimensions. 



Deal Box. ^' wood. 

Deal Box. ^' wood. 

A bloek of wood. 

BIockofPearWood. 

Bioek of Deal. 

A briek. 

A briek. 

One briek on edge 
of anotlier. 



14^X10^X23^ 
14^X10^X23^ 

2rx6J"Xi'.iir 

11^X3^X19" 

2"Xlf' Xl8" 

9''X4i"X2i" 

9''X4i"X2i" 

2i''X9"X9" 



Reiuarks. 



O11 eiid. Flat side 

on. Oveiturned. 
On end. Flat side 

on. Overlurned. 
On end. Ftat side 

on. Overluriied. 
On end. Flat side 

on. Overturned. 
On end. Flat side 

on. Overturned. 
On end. Fiat side 

on. Overlurned. 
On end. Edge on. 

Overlurned. 
On edge. Flatside 

on. Overturned. 
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No. of Ex- 
perimentt. 

15- i6. 
17. 18. 

19. 

20. 
21. 22. 

23- 
24. 

26. 
27. 

28. 

29. 
30. 
31-32. 

33. 
34. 
35. 
36. 

37. 
38. 



Nature of Bodies. 



BlockofPearWood. 

A briek. 

12^ brieks as a co- 
lluiiiii, mortar joinl8. 
14 biieks as a eoiii- 
mn, inertar joiiits 

II brieks as a co- 
lumn. 

20 brieks as a co- 
luinn. 

Square biiek co- 

lumn 23 eonrbes. 
Square briek co- 

luinn 20 eourses. 
Square biiek co- 

luiun 18 eourses. 
Squaie briek co- 

lumn 16 eourses. 



Dimentioos. 



Ili''X3|''Xl9" 
9"X4i"X2i" 
4"X4"X32" 
4"x8i"X3.'ii" 

4"x8i"X2.'5r 

4"x8i"X4.'4r 

8rX9"X5.'o{'' 
8f X9"X4.'6i" 
8rX9"X4.'ii" 
8i"X9"X3.'7V' 



Remarks. 



Square truneated 

pyramid, 15 eour- 

ses. 
20 brieks as a co- 

lumn. 
18 brieks as a co- 

luinn. 
14 brieks as a co 

lumn. 

Square briek co- 
lumn 20 eourses. 

Square briekeolumn 
17 eourses. 

Golumn of eement. 

Golumn of eemeni 

witli an iron eape 

of 3^1 bs. 
Same as ^bove wilh 

a oap of iilbs. 
A small briek pyia 

mid. 



5i"x<V'attop , *,, 
9"x9'^'atbottom*3*«^ 

4rx9"X4.'ii" 

4iX9"X3.'2i" 

9"X9"X4.'6i" 
9"X9"X3.'io|" 

2"X2"X2.'l" 
2"X2"X2.'l" 

2"X2"X2.'l" 



sy'x3V'bottom *'• ^ 



Oii end. Flat side 

on. Oyerturned. 
On end. Flat side 

on. Overturned. 
On end. Broke at 

2nd joint. 
On end. Flat side 

on. Broke at^rd 

joint. 
On end. Flat side 

on. Biokeat2nd 

]oint. 
On end. Flat side 

on. Brokeat2nd 

joint. 
On end. Broke at 

2nd ]oint. 
On end. Broke at 

2nd briek. 
On end. Broke at 

2nd briek. 
On end. Broke at 

5ih briek — a bad 

]oint; 
On end. Broke at 

2nd ]oint. 

On end. Edge pn. 

Brokeat2ndjoiht. 
On end. Edge on. 

Broke atAth joint. 
On end. Flat side 

0.1). Broke at ^ih 

joint. 
On end. Broke at 

31 d ]oint. 
On end. Broke at 

2nd joint. 
On end. Did not 

break. 
On end. Did not 

break. 

On end. Did 4jpt 

break. 
On end. Broke at 

5th ]oint, whieh 

was bad. 
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No. o{ Ex-, 
periments' 



39 

40 

41 
42 

43 
44 

45 
46 

47 
48 

49 
50 

51 
52 

53 



Nature of Bodies. 



Coi)crete eoluinit. i 
partcemenl,6fine 
giavel. 

A bloek of wood. 

A bloek of wood. 

Colunin of Ccmenl. 

I parl eemeut, 6 

fine gravel. 
A briek. 

Culumn of eemenl. 

I pait eement, 6 

fine ^iavel. 
A briek suppoited 

on one side. 
A briek. 

A briek. 

CoIumn of eement. 
Fine I parl ce- 
ment, 6 gravel. 

A bloek of wood. 

A bloek of wood. 

Co1umn of eement* 

I parl eement, 6 

fine gravel. 
Column of eement. 

I pait eemeni, 6 

fine ^ravel. 
Column of eetnent. 

I parl eement, 6 

fiiie jjravel. 



Dimensions. 



2"X2"X22" 

3rx3rxi2j" 
3rx4rxi8r 

2"X2"X20" 

2rx4ix8r 

2"X2"Xl8" 

2rx4rx8r 
2rx4rx8r 
2rx4rx8r 

2"X2"XI.'6" 

3rx3rxi2r 
3rx4rxi8r 

4"X4"X5.'o" 
4"X4"X4.'io" 

4"X4"X2' 



Remarks. 



On end. Did not 
break. 

Onend. Overturn- 

ed. 
On end. Platside 

on. Overlurned. 



On end. Pladside 

6n. Overturned. 
On end. Brokeat 

end of motion by 

jumping of truek, 
Oit end. Platside 

on. Overlurned. 
On end. Fiatside 

on. Overturned. 
On end. Flatside 

on. Overturned. 
Co n nee l i n g rod 

broke, ear jumped 

and eolumn broke. 
Onend. Overluin- 

ed. 
On eiid. 

ied. 
On end. 

from base. 

On end. Broke 16" 
from base. 

Did not break. 



Overturn- 
Broke 10" 



In addition to the above, there were 9 square eolumns, eaeh 
I sun square and from 2 lo 10 sun \i\ length ; also a series of 
eylindrieal eolumns of similar lengths, but i sun in diameter 
(i j««=30.3mm.) Eaeh of ihese, whieh were made of deal, 
were overturned several times. The briek eolumns had mortar 
]oints and were from 25 lo 30 days old. The square eolumns 
were eomposed of eourses of headers and stretehers. The eon- 
erete and eement eolumns were also from 25 to 30 days old. 
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The qaantity ealled ** West's/" or moment of overtarning, 
18, however, elosely related to the ob8erved qaantity V*/«, 
espeeially for the shorter sqaare eolumns. From theoretieal 
eonsiderations it might have been expected that the eolumns 
with relatively the smaller bases, that is the long eolumdd, 
shoald have given resalts more nearly in agreement with 
West's /. The prineipal eaasestending to vitiate the esperi- 
ments were : — 

1. The bases of the eolumns may not have been absolately 
flat and not aeearately ent at right angles to the length of th^ 
eolumns. 

2. The traek on whieh the experiments were made being 
designed to earry heavy weights, it had neither the smooth 
stirface nor the even motion neeessary for experimenting on 
eolamns so smooth as those whieh were employed. 

That errors due to eauses like these must have entered into 
the result may be inferred from the grder in whieh the eolamns 
fell when standing together on the truek whieh was moving 
b^ek and forth with inereasing rapidity. 

For eylindrieal eolumns, one order was :~ 

7» 9» ^» 8» 5> 4> 3> ^- 
For sqtiare eolumns, one order was : — 

98675432 

Notwithstanding the roughness of the experiments the tables 
show that the theoretieally determined quantity ealled West'sy^ 
whieh depends upon the dimensions of a eolumn, is elosely 
eohneeted wiih the maximum aeeeleration it experiences at 
the time it is overturned by a baek and forth simple harmonie 
motiOn. 

The same results as those given in the tables are shown 
graphieally in the aeeompanying diagram. 

The above results may be eompared with experiments per- 
formed some years ago by one of the present authors in the 
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Physieal Laboratory of the Imperial Gollege of Engineering 
in Tokio. The details of these experiments may be foand in 
Trans: Seis: Soe. Vol. VIII. p. 74. The results whieh where 
briefly as follows, are also represented graphieally. The dimen- 
sions of the eolumns and amplitade of motion are given in 
inehes, the remaining quantllies being in feet. 



No. 


Diameier 


Heiglil 


a VA- 


VVa 


4.01 

5-36 
8.05 

10.7 

16. 1 


I 
2 

3 
4 

5 




8 
6 

4 

3 
2 


I.13 4.61 
1.38 5.64 
1.50 6.15 
2.25 9.23 
2.75 11.29 


7.24 

8.85 

9.65 

14.49 

17-73 



Oybrturning of Regtangular Parall£lopipbds. 

Quai)tiiies Calc(ilated. 





Qiianlities 


Obse 


rved. 




West's. 


Mallel's. 




No. 


A T 


V 


V/J 


Y/i 


2V 


f—gy 


V 






50 


18.5 .60 


193 


1280 


2000 


386 


1950 


382 


Bloek like 


41 


49 


19 .61 


194 


1270 


1990 


388 


2940 


330 


Bioek like 


40 


47 


195 64 


190 


1190 


1870 


380 


2600 


320 


A biiek. 




46 


18.7 .71 


165 


924 


1450 


330 


2600 


320 


A briek. 




43 


49 i-i 


260 


900 


1420 


520 


2600 


320 


A briek. 




41 


49 i-i 


284 


1050 


1650 


568 


1950 


382 


Bloek Jike 


30 


40 


50 .93 


340 


1470 


2300 


680 


2940 


326 


Bloek like 


40 



For experiments 50, 49, 47, 46 where the ampliiade is small 
and the period short, the quantities 2Vand Mallet's v are fairly 
eomparable, 

In 49 and 40, 50 and 41, 47 and 43, V varies eonsiderably, 
but V^/a does not vary to so great an extent. V*/a is Ies8 
than f the difference being sometimes as mueh as 30 per eent* 

Oybrturning of Regtangular Parallklopipeds. 
In the folIowing tables c is half the widlh of a eolumn in 
inehes measured in the direetion of the motion, and a is half 
the height, also in inehes. 
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OYERTURNING 


AND FRACTURING 


A 


D1MBNB.ONS 


aUANTITIES (lBSERVEn. 


aUAMTITIR.SGALeULATI^H 


No. 


53 


d. 

11.8 


^ 


T. 


V. 


3. 


vv. 


2V. 




Millel'» 


Deal Bo& 


~ 


~S 


65» 


3320 


SaK-. 


1300 


4400 


g6o 


3 

4 
S 


13 

1-3 
1-3 


11.8 

[1.8 
II 8 


73 

73 
73 


2,6 

i.S 


130 

341 

'53 


46^ 

504 
552 


722 

863 


460 

482 

S06 


1080 


"° 


Bloek q[ 
wood. 


6 

7 


' 


95 
95 


74 

74 


13 


35" 
370 


1060 

[i8o 


1670 
[850 


70(i 
740 


i07J 


.190 


Bloek ai 
wood. 


8 


.94 


' 


74 


1.7 


J74 


640 


1010 


548 


1090 


1B2 


Bluek of 
wood. 


9 


.94 


9 


73 


I.O 


231 


460 


720 


462 


-. 


_ 




Ii 


\'\ 


4-5 
4.5 


74 
74 


1? 


11". 


%l 


993 
1070 


g 


2400 


320 


A biiek. 


13 


23 

2.3 


45 
45 


76 " 
77 


78 


fl 


3I8" 


1730 
4990 


7]6 

134" 


4900 


fi8o 


\ briek. 


U 


i.i 


45 


73.5 


17 


279 


680 


1D70 


558 


2JOO 


320 


T*o b.iekl 


17 


1,1 


4.5 


39 


1.0 


244 


960 


■53" 


488 


2400 


320 


A briek iik 


i8 


i.i 


45 


39 


■3S 


289 


1390 


2100 


378 


_ 


— 


loa.i 


15 


3.0 


»■5 


39 


■93 


26S 


1150 


iBoo 


53" 


2070 


390 


Bloek of 

wood like« 

aiid 7. 


19 


a.o 


9.5 


39 


I.O 


244 


gS. 


1530 


4«8 


— 


— 




From ihe above lable is will be seen ihai ihe observ6« 


quantily V'/a or maximum aeeeleralion in raany iiisUneea il 


eomparabla wiili llie ealeulatesl qnL\nlil)'y, llie elosest approxi' 


mations lo equality being. when ilie petiod of raotion or T U 


sdihII, and tlie greaiest divergeiice ivhen T is brge. The dlAeP 


enee between V'/. and/ is usiially sueh that V'/„ >/. Whon 


the period T is two seeonds, whieh is a quantiiy to be especte< 


in large earlhquakes, / raay be 30 pet eent greater than Uh 


masimum aeeeleration at the lime of overtuiHing;. 


Oykrtubning of Golumns whkrk thk Ratio of Basb to 


Height is Constant. 




rhe 


abs 


olule 


di 


nen 


sion 


0[ 


c„i 


mns 


may p 


ossibly havafl 



4 » 





«M»- 



A 
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ing them. To teit this for ordinary eolumns, sueh as tomb- 
stones, we made the following eight sets of square wooden 
eolumns, in eaeh of whieh the ratio of the base and height was 
the same, but the absolute diniensions were different : — 



HEIGHT. 
Sun. 

. 9 
. i8 

. 8 

. i6 

. 24 

. 7 
. 14 

. 21 

. 6 

12 

. i8 

. 5 

lO 

. 15 

. 20 
. 25 

4 
. 8 

12 



BASB. 

in. sq. 

4 ... 

5 ... 

6 ... 

1 ... 

2 ... 

3 ... 

4 ... 

5 ... 

6 ... 

7 ... 

8 ... 

1 ... 

2 ... 

3 ... 

4 ... 

5 ... 

6 ... 

7 ... 

8 ... 

9 ... 



HBI6HT. 

Sun. 
.. 16 



20 
24 . 

3 

6 

9 
12 

15 
18 

21 

24 . 

2.5 

5 

7.5 
10 

12.5 

15 

17.5 
20 

22.5. 



l^ 



The bloeks of the same group were put together on the truek, 
whieh was moved forward and baekward either suddenly or else 
it was gradually worked into quick motion. It was found that al- 
most always these bloeks were praetieally thrown down at ihe 
same moment, so that we sliould think their absolute dimen- 
sions may be Ieft out of eonsideration in the first approximation* 
From the folIowing results, made for two different amplitudes, 
it will be seen that the aeeeleration neeessary for overturning 
as aetually observed, are generally somewhat greater than those 

ealeulated by the formula /=-^. The results are graphieally 
represented in Fig. 7, in whieh [f) is the curve given by the latter 
formuIa, while (A) and (V) are those obtained from the average 
values of the maximum aeeelerations and veIocities observed. 
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Oykrturning of Squar« Golumns. 

Coinmon r^tio 
Namber of Ex- ofba8e;<nd I^H g 

periraents. Ampl, Period. Max. Vel. Max. Acc. height of bloeks "y 

mm. see* mm. per see. mm. per see, mm. per see* 

37 ... 62 ... 0.8 ... 490 ... 3800 \m\ 3900 

38 ... 62 ... 0.85 ... 460 ... 3400 — 

39 ... 62 ... 0.81 ... 480 ... 3700 — , — 

Average 480 ... 3600 

2700 1:3 3300 

3300 



3» ... 43 


... 0.79 ... 340 


33 .•• 61 


... 0.86 ... 450 


34 ... 61 


... 0.71 ... 540 



4800 — — 

35 ... 62 ... 0.84 ... 460 ... 3500 — — 

Average 450 ... 3600 

30 ... 43 ... 0-98 ... 280 ... 1800 1:4 2500 

31 ... 43 .-. 085 ... 320 ... 2300 — — 

I ... 68 ... i.oo ... 430 ... 2700 — — 

3 ... 69 ... 0.89 ... 480 ... 3400 — — 

Average 380 ... 2600 

28 ... 43 ... 0.84 ... 320 ... 2400 1:5 2000 

29 ... 43 ... 0-97 ... 280 ... 1800 — — 

5 ... 68 ... 0.94 ... 450 ... 3000 — — 

8 ... 68 ... i.oo ... 430 ... 2700 — — 

10 ... 68 ... 1.20 ,.. 370 ... 2000 — — 

Average 370 ... 2400 

26 ... 43 ... i.oo ... 270 ... 1700 1:6 1600 

27 ... 43 ... 095 ... 290 ... 1900 — — 

11 ... 68 ... 1.40 ... 300 ... 1400 — — 

13 ... 68 ... i.io ... 380 ... 2100 — — 



Average 310 ... 1800 

24 ... 43 ... i-io ... 250 ... 1590 1:7 1400 

25 ... 43 ... 0.95 ... 280 ... 1900 — — 

14 ... 68 ... 1.40 ... 310 ... 1400 — — 

15 ... 68 ... 1.20 ... 350 ... 1800 — — 

Average 300 ... 1700 

22 ... 43 ... 1.20 ... 230 ... 1200 1:8 1200 

23 ... 43 ... i-io ... 240 ... 1400 — — 

16 ... 68 ... 1.5 ... 290 ... 1200 — — 

17 ... 68 ... 1.4 ... 300 ... 1300 — — 

Average 270 ... 1300 
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i8 ... 67 ... 1.5 ... 390 ... 1200 ...... — — 

19 ... 67 ... 1.5 ... a8o ... I300 , — — 

Avcrage 250 ... izoo 

OvKKTUiIMNQ OT Bb1CK CoLUUNS AETIK FRACTUftt. 

Af(eT a eolumu by the baek and fortb motion' Iiad been 
fraciurcd it usually remained standing. 6y inereasing tbe 
rapidity of motion ihis eould be overtUTned, and it is to the 
OvertUTning of tbeae fractured portions to wbieh these esperi- 
Dieiils Tefer. 



DIM 


BNS 


ONS 


au 


ANT 


TIES OBSBBV 


BD. 


QU\MTIIIIiS 




No 


*:. 


<i. 


A. 


T. 


V. 


v^/. 


V»/, 


2V 








23 


I 


345 


13.6 


■65 


75c* 


1180 


344 


797 


333 


B.d<eal3.id 


24 


4-3 


27? 


17-3 


.84 


.00 


960 


1520 


400 


1520 


473 


BrUeat3..d 


19 

ao 


s 

2 


13-4 

14.6 


_ 


_ 


_ 


_ 


_ 


~ 


1460 
1340 


315 

308 


B<_Dkeai2nd 
B. olte ai 3rd 


21 


1 


12.3 


30.8 


■5 


260 


2090 


3290 


520 


1610 


348 


BrUUtsnd 


25 


*4 


^4.8 


30 


,69 


m 


.580 


2480 


546 


1750 


405 


B.okealand 


33 
36 


44 
4-4 


233 

23.1 


5' 


■93 


343 


1470 


3310 


686 


1850 
1950 


422 
546 


Brokeataiid 


>7 


44 


13 


30 


.70 


272 


1550 


2440 


544 


2880 


674 


Biokeaistll 


39 


4-4 


24.7 


36 


.58 


2S0 


1920 


3020 


560 


1750 


405 


Broke at 3»d 


30 


4-4 


19.3 


26 


-55 


29B 


2170 


34 ro 


596 


3340 


586 


Biokeat 4lh 


33 


2.1 


'3-9 


- 


- 


- 


- 


- 


- 


1480 


337 


Biukeat4lh 


34 


4.5 


30,7 


53.5 


.8 


4'3 


3070 


3360 


826 


313° 


578 


Brokealaiid 

ioinl. 



In the above table tbe period or T is ■hori, and Mallel!s v, ■■ 
in leyeral instanees tairly eomparabte witb 2V. In Eiperiment 
34, the mAKimam aeeelerattgri or V/a appears 10 bc identtea 
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with West's/. ; but in the remainder there is usually a wide 
divergence, the latter qaantity being usually the smaller. 

Fracturing. 
For a wall or eolumn like body, assuming that the eond ition 
for fracture is that the overturning moment shall be eqna1 to 
the moment of eohesion of the fractured 8urface at the basei 
Mallet deduees the following forraula :— 

-tr ^ o^ ^* («ee. " The Neapolitan Earth- 

'^ 6 ri/ fQ quake VoI. I p 141.) 

Where 

V = velocity of wave path. 
y = distanee of eentre of gravity of portion broken ofiE from 
the fractured base. 

r» c^^ «f ^^U^^:,x,% OT force upon unit surEaee whieh when suddtnly 

Fq= force Ot eOheSIOn, applied pro^uee. fracture. 

k = radius of gyration of plane of fracture about its edge. 
/3 = thiekness of the eolumn. 
Fr= weight of portion broken ofiF. 
g = aeeeleration due to gravity. 

Putting k^ = ^* ^^^ above formuIa beeomes : — 

3 F, A. /3. 

Now if ^is the force of eohesion or force upon unit surface 
whieh, v/hen graduaiiysippWed, is suASeient to produee fracture, 
/'being double Fq, the aeeeleration to produee fracture or a 
may be writen : — 

6 /w ^ ' 

(i). The reUtion between this formula and the one employed by Mallet will be 
seen from the following eonsideration. Let the eolumn to be fractured be regarded 

M a beam whieh is bent by its ewn inertia, or the impressed force m d. The bending 

moment, or M, is thererore equal to m a / where /as before is equal to the height of 

the eentre of gravity above the fractured face. 
\lp be the longitudinal stress at a point distant y from the neutral surface 

where 7 isthe moment of inertia of the reetangular eross seetion with respeet to the 
]ine in the neutral 8urface and is 

3-4^ 
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If w be the weight of the unit volume of briek so that 
W= 2/ A w, then from (i) 



12 w/^ 



(2) 



or a/« = :^ (3) 

^ 12 W 

Henee, if we have a series of reetangular eolumns of the 
same widlh, equation (2) gives a relation between the heights 



Parther the greatest value of y in the reetangular eolumns experiiuented upon is 

±/5 



a 



Substituting the values {or y I and M we obtaln a maximum value for p, or a quant- 
ity eorresponding to the co-efiicient of eohesion F 

whenee F= ± tHL^ 

^_ AjiF _ A(iFg 
6 m f 6 w f 

In Mallet's formula the radius of gyration is with respeet to the edge of the plane o£ 
fracture, whilstin determining a, the radius of gyration is with regard to the line in 
the neutral 8urface 

(a). The relationship between this formula and the fori)iula usually employed 
when diseussing the transverse strength of a beam supported at its ends and loaded 
at its eeiitre, will be seen from the following eonsideraiion. 

If /=alength of beam=a/ 

/3»depth of beam in inehes. 

^»area fif eross seetion of beam in sq. inehes. 

ib^the weight required to fracture a beam i foot long and 1 in. sq. supported at 
eaeh end and loaded in the eentre. 

mOo^produet of mass and aeeeleration eausing breaking. 

Sinee— may be taken as the breaking co-efIicient for the same beam fixed at one 

3 

end and the weight uniformIy distributed 

the transyerse breaking force A Q h 

^««o = 2 l 

° 2 l m 2 l w 4 f w 

Gomparing this with the above formula a= \ £-^ II ^nd if we ean assume 

then i = I /• 

a, however, is the aeeeleration whieh is just sulTieient to produee fracture of the 
beam where thestress isgreatest, namely, at theconcaveor convex sideof the beam, 
while a^ is the aeeeleration neeessary for eomplete eross breaking, For mortar joiiits 

tt and «o may have value8 near eaeh other, beeause when a part of sueh a point 
begins to break the entire joint may simultaneously give way. 

_i_ j:FAI3 

The formula Cl 7 /. — used in our ealeulations where/ is the longitudinal 

strengtb may perhaps be admissable. 
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of the eolumns {i.e, the heights of the portions broken off) and 
the aeeelerations neeessary for fractare. Sapposing /3 to be 
eonstant, equation (2) is represented by a eabie carve between 
a andy as eo-ordinates. The carve is symmetrieal about the 
axes of a (a being always positive), and it has the eo-ordinate 
axes for asymptotes. 

The theoretieal carves in Figs 5 and 6 have been traeed 
from (3) by taking proper valaes for F, 

If the eolumns have the same height but different widths, 
then (2) gives a relation between their widths and the aeeelera- 
tions neeessary for fracture ; now ify is eonstant, eqaation (a) 
represents a straight line between a and /3 as eo-ordinates. The 
/raeturing aeeeleration is there/ore simply proportional to 
the width or depth 0/ the eolumn, The strength of a beam is, 
however, proporlional to the sqaare of its depth. The reason 
for thls difference in the eases under eonsideration, and pro- 
bably in aetual earthquakes, is that the fracturing force is 
assumed to be the aeeeleration impressed throughout the mass 
of the eolumn, and not a totally external force. 

PULLING StRX8S. 

I. — ^To separate 2 brieks united on flat faces = 125 lb8. = 3.67 

Ibs. per sq. in. 
2. — To separate 2 brieks united on flat faces= 156.8 lbs.= 

4.6 Ibs. per sq. in. 
3. — ^To separate 2 half brieks =126 Ibs. = 7.88 Ibs. per sq. in. 
^ 4. — ^To separate 2 half bricks= 126 Ibs. =7.88 Ibs. per 8q. in. 
5. — To separate 2 brieks united on flat faces = 378 Ibs. = 11.1 

Ibs. per sq. in. 
6. — To separate 4 brieks or two headers from two stretehers 
= 106.4 Ihs. = 14.8 Ibs. per sq. in. 
The average for i and 2 =4.1 Ibs. = i^ 

The average for 3, 4 and 5 =8.95 \h%.^F" 

The average for i, 2, 3, 4, and 5 =7.03 Ibs. = i^* 
While6 =:i4.8lbs. = 2^"' 
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a has been ealeulated for F\ F\ F" and F'"' giving yalues 
denoted by a', a", J" and a"* 

For eolamns broken at a bad joint a may apply, while for 
those whieh did not break easily, as for example No. 32, a"" 
may apply. 

Breaking of Brigk Ptramids. 



No. 


8.6 


A 

73-9 


f?l F' 


F" 


703 


pw 

14.8 


/ W 
15-4 "I 


a a a 
2490 5440 4270 


a"' 


28 


384 41 


8.95 


8990 



In the above, /3, g and/'are measured in inehes. 

A is measured in square inehes. 
F^ &c. is measured in Ibs. per sqaare ineh 
a' kc, is measured in millimeters per^see. per see. 
By observation, fracture oeeurred when 

a = 40 and T = 0.52 

whenee V = 48o, V/J=3700 and V*/a = 5810 a quantity 
approximating to a" 

No. 38. A small briek pyramid whieh readily broke at a 
bad ]oint and was therefore not ealeulated. 

Gement Golumns. 

No. 35. A eement eolumn. 

Here /3 = 2 in., i4 = 4 sq. in.,y= 10.6 in., FF=6.2 Ibs., 
/•=400; whenee a = 79300 mm. per see. per see, thetheo- 
retieal value of aeeeleration to eause fracture at the base. 

No. 36. The same eolumn as No. 35, but with an iron 
eylinder of weight W' = 3i Ibs. as a eap. 



Here 



'*""6/(pr+2 w) 



= 38600 mm. per see. per see. 
No. 37. The same eolumn as Nos. 35 and 36 but with a eap 
of II Ibs. 

Here a= 16000 mm. per see. per see. is neeessary to 

eause fracture. 

In neither of the above three eases was the eolumn broken. 

F 
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RkCTANGULAK BRtCX eOLUKNS. 



^ 


" 


r 


V 


v/; 


vv.|. 


a''\."'\a"" 


A 


f 


B 




46 


^ 


305 


12B0 


,».] g8o 


200015743310 


34 


146 


4 


>9 


46 


86 


340 


1600 


2500,1030 


224,117603700 


16 


13-4 


4 




20.8 


5 


i6o 


209. 


329O1I34O 


293023004840 


34 


12.2 


4 


32 


40 


§' 


440 


30S0 


4800 1340 


293023004840 


34 


13-2 


4 


23 


12.6 


61 


130 


850 


1340, 330 


730 57011300 


34 24.5 


4 


24 


»7-3 


73 


240 


13^' 


2020 570 


1240 9702050 


72.3 27.7 


8.5 


as 


30 


62 


3"5 


.980 


3TI0 788 


172.. T350 2850 


78-8 


34.8 


8-75 


33 


S» 


93 


350 


1500 


2350, 88S 


194015203200 


78.S 


333 


8- 75 


26 


3" I 


2 


155 


510 


795 ' 985 


3130 1690 3560 


788 


22.1 


S.7S 


2; 


30 


79 


238 




18802130 


4640 3650 7680 


78,8 


15 


8.75 


29 


27 


58 


291 




3020, 791 


1730 13602860 


37-2 


24.7 


8.75 


30 


27 


52 


326 


2500 


3920 1390 


3030 13304910 


37.2 


153 


8.75 


32 


59 


54 


691 


512" 


8080 1250 


273021504530 


38.3 


'3-9 


4-25 


■ 34 


56 


S 


440 




3470 ii6ol254ol2onol42iD 


80 


20.7 


9. 


T 


le indis 


in 


eines 


sof 


he reeord 


for No. 16 makea the 


ob- 



served quan[iiies a and T t: 

Generally V*/, and a"" are fairly eomparable. 

In 26 and 27 where V*/a is tnore nearly eqaal to a', it may 
be that fracture oeeurred at a bad joint. No. 37 eertainiy 
showed a bad joinl. 

The average value o[ V*/. for 34, 33 and 29 is 3460, whieb 
is about double the value far 23, wbieh is 1340. 

Colunin 13, it will be abservcd, is abonl half the widlh of the 
olher three eolumns. The resutt, therefore, tends to confiriit 
the view that frac[uring aeeeleration is simply proporiional to 
the widih oF a eolumn. 



Illustkations of thk applioation of Results. 

I. An earthqnake wiih a maiimtnn range of motion Df 4 
inehes, and with a period o( 3 seeonds, wouid iroply a maximuni 
aeeeleration ot aboui 450 mm. per. see. per see, a quantity ¥017 
mueh greater (han anything reeorded in Tokio. As a ma- 
ximum aeeeleration to be espeeled we will inerease this le 
1000 mm. per. see. per see. and determiAe tbe height to whieh 
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a briek eolumn, two feet sqaare, might be built above its iotmda- 
tion and just able to withstand this motion 

Let ^=height required 
/3=2 ft. 
A=A. sq. feet. 

/*'=:i5 Ibs. 

w =tthe weight of one eubie fnch of briekwork 
=.0608 Ibs. 

By substitution in the formu1a employed for fracturing we 
obtain 

^ FA(ig _ Ffig 
"* 6fW zx*w 



x^ [lAk 

\ 2 a W 



whenee 

w 

with value for F', ^=6ft. 8in. 
with value for F", x=iih, 7in. 

From the last equation, given a and /3, we see that the value for 
X 18 proportional to the square root of F, or the force of eoheslon. 

II. As a seeond illustration of the applieation of the preceding( 
results, we append the foIlowing diseussion regarding the form. 
whieh eolumns of given seetions must have in order that they 
may be equally able to resist fracture when aeted on by hbri- 
zontal movements, at any horizontal seetion. 

(i.) First take a eolumn of square seetion. For the uni- 
lermtty of strength of the eolumn rehitively to the inertta of the 
punrtloni abov^ any given hori^ontal seetion, a must be eonstant 
in the following equation 

g F Afi g F Afi (') 
6 Wf 6w Vf 

in whieh W = Vw, Tbeing the voIume and w the density. 

(x) fyt thank Mr, A, Inokuty tif the Engineering ColUge for having eheeked thi /ollowing 
fiinunia>» 



6 w 
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Lej ^^ « hal! of the dimension of any givcn seetion whose 
distanee from the top is = /i. Then 

o y 

e F 4^iV 2^1 ^ g P ^'^ 

From the above eqiiation, it ean be shown that for a to be 
eonstant, there mtist esist between Xx and /1 the tollowing 
relation : — 

^i* = — ^— Xt (i) 

aw ^ ' 

whieh represents a parabola with its concavity tumed outwards. 
(2.) For a eolnmn of a eirenlar seetion we have 

_j rgFXi^ ^ 7rgF Xt^ g F Xi* 

4W/ 4tv yp^^^y^^y^ dy" ^"^ px* (yr^) df 

o o 

V 

in whieh Xt is the radius of any seetion. This leads to the 
relation : — 

(3.) Let the seetion be reetangular, and the dimension per- 
pendieular to the direetion of the motion be eonstantand = 6. 

^^ gFAfi_ gF 2x^b.2Xt _gF x^* 

tTw Vf Tw Cy^ .. .. 3» p' / x^ 

yj 2x0(^1-^)^^ J x(yry)df 

V 
From whieh again follow8 the parabolie relation : — 

>.*=^*x (3) 

By eomparingthe formnl8e(i), (3), and (3), we see that wiih 
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the same given dimensions of base and beight, the strongest 
eolnmn wonld be one with a 8quare seetion. 

To give an illustration, suppose 

a = i,ocx^ mm. per see. per see. 

F= s I^s- P^' 84* ine^* 
and fv = 0.0608 Ibs. 

Then supposing the seetion to be 8quare, we have 

/»= 8100^ 

The outline of the eolumn is as represented in the aeeom- 
panying diagram. 
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EARTH PULSATIONS IN RELATION TO CER- 

TAIN NATURAL PHENOMENA AND 

PHYSIGAL INYESTIGATIONS. 

BY 

J0HN MlLNK, F.R.S. 
Imperial University of Japan. 

eONlENTS. 

1. Reeording Earth Pulsations. 

2. Nature of Karth Pulsations. 

3. A possible eause of Earth Pulsations. 

4. On a possible eonneetion between the eseape of Fire Damp, the 
flow of Springs, &c.) and Earth Pulsations. 

5. Earth Pulsations and the moyements of delieate Balanees. 

6. Earth Pulsations and Astronomieai Observations. 

I. — Recording Earth Pulsations — From time to time 
daring thelast sixteen years the writer has given atteniion to the 
reeording of movements of the ground ealled Earth Tremors* 
From all ^at we know of these movements they appear to 
be as eommon in other eountries as they are in Japan. The 
instruments employed to reeord them have ineluded types of 
all instruments whieh have been used in Europe, whilst many 
speeial instruments have been designed in this eountry. 

Amongst the former, several instruments were, in prlneiple, 
identieal with the mirror-pendulum arrangement employed 
by Messrs. G. and H. Darwin in their researehes at the Caven- 
dish Laboratory on the Lunar disturbanee of Gravity. Many 
tromometers, Iikethe'*normaItromometer"ofBertelIi andRossi, 
liave been used. The pendulums whieh were employed were 
usaally about 3 feet in length, but also pendulums of 6 in. and 
even i in. in length, suspended in a vacuum tube have been 
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employed. An inslrament whieh gave eontintioas reeords for 
8everal years eonsisted of a pendulum, the movement8 of wbieh 
were magnified about loo times bj a long multiplying lever. 
The latter moved freely in the air, but e^ery five minutea bj 
means of eloekwork eonuets and an induetion eoil, sparks were 
diseharged from its extremity, whieh perforated moving bands 
of paper. With this instrument the writer obtained reeords 
of the duration of ''tremor" storms and measures of their 
relative intensity. All the reeords have been eompared with 
the frequency of earthquakes, the state of the wind, the 
state of the barometer, barometrie gradients, and other natu- 
ral phenomena. As many of the instruments indieated 
ebanges in the vertical, for a period of nearly two years, ob- 
8ervations were made on the movement of the bnbbles of 
two delieate levels plaeed at right angles. Although every ordi- 
nary preeaution was taken to avoid disturbanees due to ehange 
of temperature, for 8everal reasons it was eoneluded that the 
reeords were untrustworthy. One reason whieh is sufficient to 
guarantee this eonelusion is the fact that when the ]evels were 
side by side and parallel, the bubble of one might ereep to the 
left whilst the other erept towards the right. This observation 
is by no means original, it having been previously pointed out 
by M. d'Abbadie. The instrument now employed by the 
author to give a eontinuous reeord of tremors or tilting will 
readily be understood from the aeeompanying figure : — AB is 
a needle earrying at A, a mirror and kept in a horizontaI positi on 
by the silk fibre AC. At B a needle point slightly tumed 
downwards rests in an agate enp. The arrangement is that 
of an extremely light eonieal pendulum to whieh any degree 
of stability may be given by means of the adjusting serews. 
A vertical beam of light impinges on A, and is reflected baek 
upon a seale, or to a horizontaI slit, leading into abox where a 
photographie film is moving either quickly or slowly by eloek 
work. Two of these eonieal pendulums with their arms at right 
angles reflecting light into the same box eonstitute a eom- 
plete instrument. When the mirrors have a period of 4 or 5 



AND PHYSIGAL INYBSTIGATIONS. 



89 



seeonds a deflection of the light apon the seale of 2 mm. is 
eqaivalent to a tilting of aboat i in 200,000 or 1" of are. 
Greater sensibility may be given if required. 




The advantages whieh this type of instrument possesses 
over the Italian form of tromometer, and other instruments in 
whieh a more or less heavy pendulum is employed, are that in 
consequence of its small inertia it is not likely to show a maxi- 
mum of motion when earth movements are aetually small, it is 
more likely to give the direetion of motion than eanbe obtaine4 
from a pendulum whieh has a tendeney to ehange its plane of 
swing, and lastly its reeords are eontinuous and automatie^ 

^ At the end of this volunie an epitouie is given of the eieellent work aeeomplisbed 



90 EARTH PULSATIONS 

2. — Naturb of Earth Pulsations. — One set of obseryations 
made in Japan whieh do not appear to have been made m 
other eountries relate to the nature of the movement8 ealled 
earth tretnors. Beeause the writer, at the time of a eonsider- 
able barometrieal depression when the plaee of ob8ervation 
was erossed by a steep baromelrie gradient, has observed the 
bubble of a delieate astronomieal Ievel every »5 to 3 seeonds, 
pulsating through a range of from .25 to .5 mm., it was 
difficult to arrive at any eonelusion other than that at these 
times the surface of the earth was being subjected lo a series 
of minute tilts. Pronouneed phenomena like these are, how- 
ever, rare. What, however, is eommon to every so-ealled 
tremor storm, is that ihe spots of light from the last mentioned 
instruments do not swing equal distanees to the right and left 
of a given line, nor do they eommenee their motion gradaally. 

By watehing the light from two similar instruments, plaeed 
side by side and approximatcly paralleU we see that the motion 
of bolh eommenee simuUaneouslyy suddenly, and in the same 
direetion, giving the impression that the eolumn had been tilted. 
The synehronism of motion, probably on aeeount of the want 
of agreement in the natural period of the pendulums, is, how- 
ever, quickly desiroyed. The sudden impulses are repeated 
every one or two seeonds, and during a tremor storm marked 
periods of maxima are reaehed every four or eight minutes. 

When there are no tremors and^ ihe mirrors are eaused to 
swing artif]cially, from photographie reeords taken on quickly 
running plates, it is seen that the period of swing is eonstant. 
On the eontrary, when the mirrors are swinging under the in- 
Auenee of tremors, a similar elass of reeords show that the period 
of successive waves vary within wide limits. In one experiment 
the periods reeorded varied from 3.4 to 4.6 seeonds. (See 
Fig. I in paper by Prof. Burton p. 26.) 

by Dr. Reubeur-Paschwitz with an instrument ot this t^e. Dr. Pasehwits's in- 
Yestigations chiefly relate to ehange in the vertical whilst the present writer has 
chiefly devoted hts attentton to earth pulsations. In a Report to the British 
AssoeiHtion, tlie writer deseribes his photographie method of obtaining reeords as 
new. This, however, is hardly correct« as about the same time it was being used by 
Dr. Paschwitz and also in Italy. 
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Experiment has shown that these instruments are not affected 
by elastie vibrations sueh as might be produeed by a passing 
earriage or even by the beating of a small steam hammer 
stituated about 60 yards distant. 

The eonelusion arrived at by the author is that these move- 
ments ealled earth tremors are movements in the erust of the 
earth not altogether unlike the swell upon an oeean, These 
long flat \vaves, whieh vary in amplitude and length as they pass 
along, produee a tilting. Their period is from i to 4 or 5 seeonds* 
and from the distanee through whieh the light is deflected their 
maximum slopes may be from i in 40,000 to i in 200,000. 
This latter observation is, however, for the present, only given 
as a rough approximation and is subject to eorredion when the 
writer is provided wilh instruments eapable of more aeeurate 
ealibration. 

Other observations, for example, that at times there is an ap' 
parent slow ehange in the vertical, that '' tremors " are more 
pronouneed in one direetion than in another, that they are more 
frequent with a low than with a high barometer, that they are 
more pronouneed in winter than in summer, &c., are eommon 
to Japan and Italy, and are delailed in many publieations. An 
aeeount of sueh observalions may be found in the foIlowing 
papers by the present writer: — 

I. — Obseivalioi» of Tremors, &c., in tlie Takasluma Goliiery, 
Japan Gazette Jai). 121I), 1884. 

2.-r— Eaith Tremors. Trai)s. Seis . Soe, Vol. VII., Pt. I, 1883. 

3. — Earlh Tremors in Cet)lral Japan. Traiis. Seis. Soe, Vol. XI. 
1887. 

4. — Earlh Tremors in Gentral Japan. Trans. Seis. Soe, Vol. 
XIII., Pl. i. 1888. 

5. — Earll) Tremors and ihe Wind. JournaI Royal Meteorolog. 
Soe, Vol. XIV., 1888. 

6.— Reports iipon Voicani'c Phenomena in Japan to ihe British 
Assoeialion, 1881, 1883, 1884. 1885, 1887, 1888, 1892. 

3. — A PossiBLE Gausb of Earth Pulsations. — In the 
interpretation of the meaning of the reeords, the eonelusions 
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arrived at by the writer are in many respeets widely difiFerent 
from the eonelusions arnved at by many of the Italian obseryers. 
The chief difiFerences relate to the eauses whieh may possibly 
produee the movements. In Italy, tromometrie disturbanees 
whieh oeeur at the time of a low barometer are usually referred to 
as harO'Seismie motions, whilst those oeeurring at the time of a 
high barometer are ealled voicanO'Seismic, both of whieh terms 
apparently imply a subterranean origin. M. de Rossi even 
suggests that the origin of the motion may be direetly eon- 
neeted with variations in the eseape of steam from a molten 
magna beneath the erust — the variations in activity being im- 
mediately eonneeted with variations in external pressare. 
Further, he points out the eonneetion between miero-seismie 
storms and earthquakes. The writer, who has carefully ex* 
amined eontinuous reeords exlending over 8everal years, fail8 
to find any eonneetion between the time ot oeeurrenee of 
earthquakes and these earth movements,* whilst on the other 
hand there is a very elose eonneetion between these phenomena 
and loeal or distant winds ; but what the writer now recognizes 
of greater importanee, is a still eloser eonneetion with the state 
of the barometrie gradient. For example, the writer finds that in 
the Italian Peninsula tremors appear whenever there is a steep 
gradienty whether the barometer is high or whether it is low. 

The same law, as shown by the foIlowing table, appears to be 
also true for Japan. The gradients are measured in millime- 
ters per 120 geographieal miles, this being a convenient quan- 
tily to measure on the wealher eharts : — 

With a gradient o, tremors were observed in 20 per eent. of 

the observations. 
With a gradient i, tremors were observed in 57 per eent. of 

the observations. 
With a gradient 2, tremors were observed in 44 per eent. of 

the observations. 

* Earthguakes and tromometrie dislurbanees are, howeyer, eaeh most marked 
during the winter months. 
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With a gradient 3, tremors were observed in 50 per eent. of 

the obseryations. 
With a gradient 4, tremors were observed in 88 per eent. of 

the observotion8. 
With a gradient 5, tremors were observed in 71 per eent. of 

the observations. 
With a gradient 6, tremors were observed in 100 per eent. 

of the observations. 
With a gradient 7, tremors were observed in 100 per eent. 

of the observations. 
With a gradient 9, tremors were observed in 100 per eent. 

of the observations. 

With very high gradients it is seen that tremors have always 
oeeurred. With moderate gradients they have generally oc- 
eurred. When they did not oeeur it may be that the gradients 
extended aeross the eountry in a direetion or in a form un- 
favoarable for the produetion or propagation of pulsatory 
moYements. This has yet to be investigated ; but it may be 
bere stated that with gradients eausing a wind from the S. or 
S.W. the tromometrie disturbanees are unusually well marked, 
and preeede or outraee the wind by 5 or 10 hours. In the 
few eases where tremors were observed with a low gradient 
the tremors were eseeedingly small, and, in fact little more 
than movements that are almost at all times observable, 

Not only is there an immediate eonneetion between a 
tromometrie disturbanee and the gradients existing at the time 
of its oeeurrenee, but there is a general eonneetion, insomueh 
that earth pulsations are most frequent at the seasons when 
barometrie gradients are the steepest — whieh for the northern 
hemisphere at least, is partieularly marked during the winter 
months. It must also be remarked that it is during these 
months that we have the greatest barometrieal Auetuations. 

If these disturbanees are eonneeied with the state of the 
barometrie gradient, inasmueh as the effect of a gradient in- 
Auenees a large area, we should espeot tremors to be praetieally 



94 EARTH PULSATIONS 

simultaneously observed over a large area, and, generally, that 
curve8 showing monthly masima shoald elosely fol1ow eaeh 
other over an area, for esample, like Gentral and Western 
Europe. Observations show that both of these phenomena 
are elearly marked throughout the Italian peninsala. 

As might be antieipated from the elose relationship between 
ihe oeeurrenee of theseearth waves or ** ground swell," and the 
steepness of the barometrie gradient, there must also be a elose 
relationship between earth waves and loeal or distant winds, and, 
in the author's previous work, although it was often shown that 
Auetuations in atmospherie pressure might be a possible eause 
of tremors, it was suggesied that the immediate eause was the 
meehanieal aetion of the wind upon the sides of mountains 
and other sarface irregularities. Now that reeent investiga- 
tions have shown that earth motions are more palsatory than: 
tremulous, vibratory or mieio-seismie, the author retarns to the 
view first expressed in 1883 (See. Trans. Seis. Soe, Vol. VII. 
Pt. I, p, 14), namely that these movements may be due to 
Auetuations in atmospherie pressure aeting over eonsiderable 
areas of the earth's erust, whieh it must be observed is ot 
yarying elastieity. That there may be deflections in the earth's 
erust due to barometrie pressure, was shown by Prof. George 
Darwin in a report to the British Assoeiation in 1882 on the 
Lunar Disturbanee of Gravity. 

Assuming the superficial layers of the earth's erust to have a 
rlgidity greater than that of glass, Prof. Darwin shows that 
a gradient of 50 millimeters in 1,500 miles would produee a 
deflbction of 90 millimeters, whieh represents a slope of about 
I in 26 million. 

With the rigidity redueed to, say one-third, whieh would 
bring this factor nearer to the rigidity of roeks as they esist on 
the 8urface of the earth, and with a steeper gradient, whieh is 
of eommon oeeurrenee, the defIection would be inereased, 

if we imagine an elliptieal area of isobars in the eentre of 
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ivhich the pressure is low and round its periphery high, the 
gradient being, say, 4 mm. per 120 miles, existing over an 
elastie surface, the one side of the area would be depressed 
atid the eentre raised. Let the area of isobars move at the 
rate of 35 miles per seeond, whieh may be taken as an average 
rate for a barometrie depression to travel, then the rate at whieh 
the load would be ehanged per seeond at any point may be 
represented by about 5-oV^ miHimetres of the mereury eolumn. 
As it is probable that the earth would adjust itseU to the form 
due to the load ehanging so gradually, it is not likely that at 
any given station whilst the depression approaehed and passed, 
anything more than a ehange in the vertical, first in one diree- 
tion and then in another, would be observable. 

Gonditions of possibly greater importanee are the facts that 
a given set af isobars do not move at a uniform rate, sometimes 
inereasing and sometimes deereasing their relative distanees, 
and also as is evidenced in the gusts of a storm and in the 
movements of a barometer, that ihey progress in impulses. In 
exceptionaI eases the writer has observed barometrie Auetua- 
tions of .03 to .05 inehes with a periodieity of from i to 3 se- 
eonds. Taking these lalter facts in conjunclion with the fact 
that isobars often advance in lines curving inwards or outwards, 
that the area over whieh they travel is of varying elastieity, that 
the rigidity of material on the surface of the earth is less than 
that hitherto assumed in ealeulalions, and that the ef!ect of 
suddenly applied stresses in produeing deflection may be double 
that whieh would be produeed by gradually applied loads, we 
may ask ourseWes wheiher sueh eondiiions are likely or not 
likely to throw the surface of ihe ground into a series of flat un- 
dulation^, the existence of whieh has apparently been experi- 
mentally demonstrated. 

As to whether earth waves would outraee a depression travel- 
ling at a rate of 35 feet per seeond in the same manner that 
waves on the oeean outraee a storm, the foIlowing facts may be 
eonsidered. 
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The £arthqaake shoek of Oetober iSth, 1893, was tnmsmit- 
ted to Tokio, a distanee of about aoo miles, at a rate of abont 
6,ocx) feet per seeond. The resulting waves in the 8oft earth 
of Tokio were slow nndulations, the length of whieh it was 
endeavoared to determine by the angle throagh whieh braeket 
seismographs had been tilted taken in con]anction with the re- 
eords of vertical motion. For varioas reasons the method was 
nnsatis^aetory, and speeial instraments have been designed to 
measare saeh movements more aeearately. 

The resalts showed that they may have been 50 feet in length 
whilst their period was i seeond. 

The writer has measared the speed of sarface nndnlations 
prodaeed by esplosions of dynamite at less than 200 feet per 
seeond. The elastie vibration8 of earthqaakes have attained a 
velocity of aboat 17,000 feet per seeond, bat osaally they aie 
very maeh lower, the ve1ocity depending largely on the inten- 
sity of the initial distarbanee and the mediam throngh whieh 
It is propagated. 

From the above we see that even ander the worst eonditions, 
as for example, aeross an allavial plain, the waves, if produeed 
woald in every probability oatraee the eaase prodaeing them. 

With a steep gradient as measared atTokio there is generally 
a high wind somewhere in Japan, bat after an esamination of 
the weather maps it is elear that the velocity of the wind, as 
measured in Tokio, or as blowing in Gentral Japan generally, 
is not proportional to the gradient. Possibly, it depends upon 
the direetion of the gradient. The extent to whieh wind veIo- 
eity may vary will be realized from the following five ezamples : 

1886. Time. Wind in Wind in Cen- Gradient. Direetion of 

Tokio. tral Japan. Giadient. 

[anuary 20lh ... 9 p.m. ... o ... i or 2 ... 5.45 ... S.E. to N.W. 
[anuary 2ist ... 2 p.m, ... 3 ... 3 oi* 4 ••• S'^^ ••• ^* ^^ ^ 
[anuary 2ist ... 9 p.m. ... I ... 2 or 3 ... 4.80 ... W. to B. 
[anuary 22nd ... 6 a.m. ... i ... 2 or 3 ... 5.53 ... W. to B« 
lanuary 22nd ... 2 p.m. ... 3 ... 3 ... 3 ... N.W. to S.E 

Wind 0=0 — 1.5 m. per see. Wind 1=1.5 — 3.5 m. per see. Win:« 
3»6 — 10 m. per see. The gradients are in mm, per lao geographd 
miles, and their direetion is measured from high to low. 
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Mr. T. Wada, of the Meterologieal Bureaa in Tokio, tells me 
that the variation of the wind with a given gradient is espeeially 
marked during the winter. He also remarks that as a eentre 
of depression trave]s towards the N.£. the velocity inereases at 
Tokio, espeeially when the eentre is near Tokio, at whieh time 
the gradient is at a maximum. 

Beeause tremors fo]Iow steep gradients more elosely than 
they foIIow the winds, this fact may indieate that earth pulsations 
are more elosely eonneeted with the state of the barometrio 
gradient, and possibly also its direetion, and the form of the 
isobars, than they are with winds. 

Anotherpoint of significance is the fact that earth waves are 
usually pronouneed when the rate at whieh barometrie pressure 
ehanges is rapid. For esample, when the rate of ehange per 
8 hours at Tokio is 6 or more millimeters, whieh usually oc- 
eurs with a falling barometer, tremors are usually large — but 
the amplitude of the tremors does not appear to be proportional 
to the amount of the ehange. 

On THE POSSIBLE eONNEGTION BRTWEEN EaRTH PuLSATIONS, 

THB BSGAPE OF Fl RB DaMP, THB BSGAPB 0F StEAM FR0M 

YOLGANOBS, AND THB FLOW 0F SpRINGS. 

FiRK Damp. — From the writer's own experience at mines, but 
espeeially from the reports of Austrian, German, French, 
and English Gommissions, appointed to enquire into the eause 
leading to the eseape of fire damp, and the observations of many 
engineers, the relaiionship of fire-damp to barometieal pres- 
sure and earth pulsations appears to be as foIIows : — 

I. — ^The appearanee of fire damp at mines eontaining old 
workings in whieh gas may aeeumlate is eertainly very elosely 
related to barometrieal depressions. 

2. — The relationship between the eseape of Are-dampyr^w 

ihe eoal to barometrieal depression, is not so elearly established. 

At eertain mines experiments have shown that oeeasionally an 

outflow of gas is very elosely related to a deerease in atmos- 

e 
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pherie pressure, but usually, although there may be a fall in 
j)res8ure, the eseape of gas is by no means proportional to the 
fall, whilst it may often happen that a fall may take plaee and 
the quantity of gas issuing from the eoal remains unehanged. 
In short, it does not appear that there is any well marked eon- 
neetion between the height of the barometer and qaantity of gas 
issuing from eoal ; and farther, as has been remarked by other 
observers at mines, when gas is confined under high pressure, 
it is hardly reasonable to suppose that a slight variation in 
atmospherie pressure should produee any appreeiable ehange 
in the gas whieh is eseaping. 

The writer is not aware that any observations have been 
made upon the eseape of gas and the state of the barometrie 
gradient. It, however, may be remarked, that when isobars are 
erowded together and the gradient is steep, whieh is during the 
winter months, in Germany and roughly speaking also in £ng- 
land, eolliery explosions have been most numerous. Parther the 
author observes on examining the diagrams given byM. Ghes- 
neau of his experiments at Douai, that the quantity of gas was 
greater during the winter monihs than during the summer. This 
evidence, small as it is, suggests the idea that not only will 
there be found to be a seasonal eonneetion between the eseape 
of mine gas and the general state of the barometrie gradient, 
but that possibly there may be a very mueh eloser eonneetion 
between the eseape of gas and the state of the barometrie 
gradient than there is with the height of the barometer. The 
relationship between the eseape of gas and tromometrie dis- 
turbanees has been but little studied. 

In 1883, the writer established instruments in the Takashima 
Golliery near Nagasaki for making sueh investigations, but 
these had barely eommeneed, and he had returned to Tokio, 
than the news arrived that everything had been destroyed by 
a fall of the roof. 

In 1886, similar observations were made at Douai, and from 
the analyses of these, given by M. Ghesneau, the relationship 
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existing between the eseaping gas and earth movements is eer- 
tainly more elear than it is with barometrieal Auetuations. A 
point of some importanee whieh the writer observes in the only 
detailed curves showing the relationship of tremors, the eseape 
of gas, and barometrie movements, is that on Deeember 8th, 
1886, when the former reaehed a masimum about 6 hours be- 
fore the gas reaehed its masimum, and at least 20 hours before 
the barometer had fallen to ils lowest point. As indieating a 
general relationship between the frequency of earlh pulsations 
and the eseape of gas, it may be mentioned that the yearly 
barometrie curves for Italy show a elose relationship with the 
curves showing the monthly frequency of eolliery explosions 
in Germany. 

The observations, so far as they have gone, are eertainly 
eneouraglng, but to eomplete them ihe writer makes the two 
folIowing suggestions. 

I. — That eomparisons be made between the eseape of gas and 
the barometrie gradient existing at the time of observation. 

2.-^That ob8ervations be made with a tromometer whieh 
approximateIy measures the steepness of the earth waves, their 
period, and the direetion in whieh they advance. The objections 
to instruments of the pendulum type have already been stated. 

Should any deeided results be arrived at, then the neeessity 
of eertain mining distriets obtaining information respeeting 
barometrie gradient will be as great as similar information is 
for our sea ports, and tromometers at many mines may be 
found more neeessary than the barometer. 

As it is likely that the relationship between earth waves and 
isobars may be as eomplieated as the relationship between 
isobars and the weather, we have to make our eomparisons, not 
only with the gradient, but with the direetion of gradient, the 
rapidity with whieh isobars may by travelling, their form, and 
generally to all those ehanges whieh meteorologists recognize 
as eausing alterations in our weather. 
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EsGAPE OF Stkam from Volcanic orificis and ths flow 

oF Sprinos. 
It is often stated that there is a relationship between the 
esoape of steam at volcanic vents and the moyements of the 
barometrieal eolumn, and as an illustration, reference it 
repeatedly made tothevolcano of Stromboli. From ihe writer's 
own experience atvoIcanic vents, although admitting that tbere 
are varialions in the amount of eseaping steam, he fails to re- 
cognize how a slight ehange in pressure, as indieated by any fall 
of the barometer, eould eause any appreeiable difiference in the 
quantity of vapour eseaping where it is under sueh pressure as 
its roaring often indieates. In eases where vapour8 issue gently 
or water eseapes slowly, a barometrieal fall may result in an 
inereased volum^ or flow of liquid, but in other eases it may be 
asked whether these fluctuations have not a eloser relationship 
with barometrie gradients and earth pulsations. 

Earth pulsations, we know from esperiment, to exist far below 
the surface, but whether by repeated eompressibn and estension 
due to bending, they are eapable of meehanieally eausing an 
inerease in the gas of eoal mines, the eseape of steam from 
voIcanoes and ihe flow of water from springs yet remains a 
subject for investigation. 

Earth Pulsations and thk Moykmrnts of Balancks. 

As an illustration of the e£Fect of earth pulsations upon a 
eertain elass of physieal instruments, the foIIowing notes are 
given of the writer's experiments with two delieatebalanees. 

One balanee is an assay balanee by Oertling, with light arms 
eaeh loo mm. in length. The pointer is 120 mm. long and 
moves over an ivory seale, with divisionseach i.6mm. Facing 
this pointer, a mieroseope has been plaeed. The field takes 
in a little over one division of the ivory seale whieh eorresponds 
to 6 divisions of a mierometer seale. These 6 divisions ean be 
easily divided by the eye into quarters and approximately 
into lenths. The least angular displaeement that eould be read 
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would therefore eorrespond to a tilting of i in 4800. Leannot 

imagine the ground to be tilted to so great an angle, but T*'JBin 

» 

imagine the balanee receiving a sueeession of impulses untit'it* 
was eaused to swing even through greater angles. 

In the Oertling balanee I assume that I am able to read to 
a qnarter of the seale divisions, whieh eorrespond to a load of 
yIo o^ ^ milligramme, or the movement of a milligramme 
rider through half a division on the beam seale. 

The seeond balanee is a ehemieal balanee by Bunge. The 
beam is 155 mm. long, and the pointer 270 mm. long. 

In this balanee the divisions on the ivory seale are .9 milli- 
metres apart. With the aid of a magnifying glass I ean read to 
half these divisions, but to obtain that movement requires the 
addition or subtraetion of -^ milligramme. That is to say, 
the rider must be moved through 5 division of the beam seale 
to show an appreeiable alteration in ihe position of the pointer. 
Both balanees stand on an exceedingly massive stone eolumn, 
vrhich for many years earried an £quatoriaI. Both stand east 
sind west, the Oeriling facing the only window in the room, 
^hieh is usually covered with a eurtain. 

The folIowing are examples of a few of the observations 
^hieh have been made : — 

THB OERTLING BALANGE. 

A spirit lamp burning for 15 minutes in front of the glass 
ease covering ihe balanee produees no appreeiable ehange. 
By lighting a fire and raising the temperature of the room from 
62° F. to 85° F. produeed the foIIowing effects : — 

Time. Temp. Reading of Balanee by Mierometer geale 

p.m. and remarks. 

7.30 62° 5.0 

7.35 62° 5.2 Lighted the fire. 

— 82° 6.5-\ 

8.20 85° 5.0 r These positions were 

8.45 80° 4.8 rtaken up gradually. 

915 74"" 4.2 J 



• • • 
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At the .time of these observations, two mirror tromometers 
tt^iiding on the same eolumn showed ihat tremors or tilts were 
yel^ small. The balanee movements may have been due to 
ehange of temperature, but they are not greater than move- 
,''ments whieh are always taking plaee when there is no fire. The 
usual range of temperature in ihe room is about 5°, the efifect 
of whieh, even if ihe above experiments produeed the ehanges 
indiealed, may be taken as inappreeiable. 

One point to be notieed in the above table is that the 
balanee took 50 minutes to eomplete a baek and forlh molion. 
The foIIowing are a few esamples of the reeords whieh were 
made. They usually eommeneed in the morning and were 
eontinued during ihe day uniil the evening. Bar means the 
Barometer, Bal means balanee, the reeords of whieh are the 
readings of the Mierometer. If two numbers are given, thus 
4.2 — 5, this means that the pointer was moving baek and forth 
between these numbers. Sometimes it moved out of the field 
and then it had to be read direetly on the ivory seale. When 
the numbers inerease it means ihat the zero of the pointer is 
being displaeed to the Ieft, and as the same e£Fect viight be 
produeed by tilling the balanee on its right or Eastern side, this is 
for convenierice sometimes expressed by "-£*. li/t" A movement 
in the other direetion would be ** E» sink" The time taken for 
a eomplete swing or period is stated in seeonds. On the same 
eolumn parallel to eaeh other and side by side, are two light 
tromometers, also reeording east and west motion. The range 
of pulsatory movements ealled Trems, are indieated in millime- 
ters. As these were not automatie reeords, in many eases they 
may not represent maxima in the disturbanees, as maximam 
motions only oeeur at intervals of several minutes. Displaee- 
ments of the spots of light whieh eontinue for several minutes 
or hours, are for convenience ealled tilts, They are measured in 
millimeters and we have E, liftedy E. sunk, E. rising, E.fall' 
ing. The words halanee reset, means that the pointer having 
wandered out of the field, the mieroserope had tobe readjusted. 



AND PHYSIGAL INYESTIGATIONS. 103 

The barometrie gradients arein millimeters per 120 miles, and 
are taken from the tri-daily weather maps, for 6 a.m. 2 p.m. 
and 10 p.m. For examp]e» a reeord " S.W.-N.E. 3," means 
that the gradient was from South West to North East of 3 
millimeters» — ihe barometrie depression being towards the 
North East. 

OgTOBER 7TH. 

6.25 p.m, Bar. 30.1. Trems. i. Bal. 5.5-5.75. Period 
34,42 and 39 — 6.30. Bal. 5.8 — 9.00 Bar. 30.05 Bal. 5.7 — 5.8 
Bal. reset at 4.9. Set bal. swinging — 9.48. Trems. i bal. 6 — 
6.1. . then 5.5 — 5.6 — 10.00 Bal. 5.8. Gradients N,E.-S.W. 3, 
— N.E.-S.W. 2— N.E.-S.W. 2. 

Ogtober 8rH. 
8.00 a.m. Bar. 30.0 Trems. i. East lift i. Bal. 7 — 7.5., 
therefore east may have lifted. Reset at 4.8 — 8.30 Trems. i. 
East sinks. Bal. 4.5 and then E. may have sunk 8.35 Bal. 
5.0 E. risen. Bal. moves intermittently — ii.o Bal. 4.3 and 
still. 1.30 Bar. 30. Trems. i. Bal. 4.25 and steady — 9.25 
Bar. 30. Trems. i. Bal. 3.9 — 4.1. Set bal. swinging — 10.15 
Bal. 3.5 — 4.0. Rain and bar. faUing — 10.20 Bal. 30. E. may 
be sinking. Movements very slow, now and then it stops — 
10.25, Bal. 2.9 — 3 weather ealm — 10.30 Bal. 3.5 and it re- 
mains so for3 minutes. Gradients N.E.-S.W. i, E.-W. i, and 
from Tokio to N. and S. 2. 

OeTOBER 9TH. 

7.40 a.m. Bar. 30. Trems. 5. Bal. 2.5 and steady — 7.45 
Bal. 2.5 — 3 — 9.28 Bal. 5 — 9.30 Bal. 4.5 and it keep steadily at 
this until 12.17 when the Bar. has fallen to 29.8. Although 
steady, there were apparently pulsatory tilts, €ay from 4.5 to 4.6 
or say Y^ part of adivision on the ivory seale. Weather ealm 
but rain — i2.2oBal. 4.8 — 3.9 — 12.25 Bal. again 4.5 and steady 
—2.46 Bal. 4.2 and steady for 5 minutes, — 9.00 Bal. 4.3 
Trems. .5 — 9.14 Bal. 4.6 — 9.21 Bal. 4.8 — 9 30 Bal. 4.6. It 
seems to take about 15 minutes for a half swing. 
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Gradients N.W. to S.E. 3.5. N.W. to S.E. 2.5. N.W. to 

S.E. 1.5. 

Ogtobbr ioth. 

7.32 a.m. Bar. 30. Trems. 2*4.. East Iifted. Bal. 4.5. 
but iii 2 minules 2.4, one minute later 4.5, but is now moving. 
4.-3.8. Trems. show active tilting of East. Looking in the^ 
mieroseope every 2 or 3 minutes the readings run 3.5, 4.5, 
4*5) 5*5» 5*3» 5> 5' ^"^ ^^^^ ^^ seems to stand as if the E. had 
been lifted by impulses. The weather is piaetieally ealm, there 
being a slight N. wind— 9.40. Bar. 30. Trems. 4 Bal. 4-2-5: 
then 4-5. The period of these small swings is from 17 to 27 
seeonds — 9.50. Bal. 4.6 — 12.18 Bar. 30. Trems. 3. Bal. 
4.6. Weather ealm — 12.20 Bal. 4.8 — 12.26 Bal. 4.8 — 12.30 
Bal. 4.6. Then these ehanges were made by small impulset 
— 4.0 Trems. 2. Bal. 5.0 It has been a dull day — 7.30 Bar. 
30. Trems. 2 — 3. East lift. Bal, 5.2 but moving ^uiekly, say 
from 4.2 to 5. Now and then it reaehes 5.6 and 6 — 7.40. 
Bal. 5.5 — 6 — 7.42. Bal. 5.4 — 11.5 Bar. 30. Trems. 2-3, 
East Iift. Bal. 2.8 — 6.2 — 11. 10. Trems. 2-4. East lift 2 
mm. Bal. 4.2 — 4.7. Now and then the Bal. stops. The 
tremors are large and erratie. Gradients N.W.S.E. 2.5— 
N.W. to S.E. 2.5. N.W. to S.E. 1.5. It must be here re- 
marked that these gradients are about the same as on the ^th 
when tremors were small and the balanee quiet. On bothr 
days it was generally ealm in Japan» but on the ^lh although 
there was a low baromeler to ihe north and also to the so'uth of 
Tokio ; whilst on the loth these areas of depression» and there 
was only one direetion of gradient aeross the eountry, namely, 
from N.W. to S.E. Also on the ^th the isobars were nearly 
stationary, whilst on the loth they were moving in the direetion 
of their slope. That is to say although the gradients were 
fair1y eonstant the atmospherie load on Gentral Japan was 
rapidly inereasing. To this further reference will be made. 

OOTOBER IITH. 

7.41 a.m. Bar. 30. Bal. 3-6.5 moving quickly baek and 
forth. Trems. 2-3 and lift on east. 



^^ V-l»*4^ 
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7.44. Bal. moYes as lollows 3.5-4-5« 3'5-5'5' 5-5"4.2 4'2-5.8. 
5.8-4.8 &c. 

7.47. Bal. inelines to settle at 4.6. 

During the morning three series of readings were taken, 
eaeh at intervals of 5 seeonds. Keeping my eye to the 
mieroseope I gave the readings whieh were noted by a seeond 
observer who gave the time intervals. The results were 
plotted on squared paper and they are shown in the ac- 
eompanying diagrams. 

The gradients were W.N.W. to E.S.E. 2.5. The other two 
gradients were from Tokio to the N.E. and to the S.W. eaeh 
about 5. 

That the method of observing is fairly aeeurate, is testified 
by the manner in whieh in the dots indieating the observed 
position of the mirror, praetieally follow eaeh other in a straight 
line whilst the balanee is moving. The vertical lines repre- 
sent divisions of the mierometer whilst the horizontal lines re- 
present intervals of 25 seeonds. On ihe original paper eaeh of 
these were divided into fifths. From the diagram eommeneing 
at 8.30 we see that eaeh half swing has differed in time and am- 
plitude, the swings to the right having been greater and taken- 
longer time than those to the left. The full period has varie(l 
from 50 to 35 seeonds. During this time the pointer has 
moved from a mean position of 5.5 to a mean posilion of 5.7. 

In the diagram taken at 9.50, the full period has varied 
from 45 seeonds to at least 60 seeonds. The iiiereased period 
is apparenlly due to the long pauses at the end of eaeh swing, 
espeeially when the swings are small. The amplitude has 
deereased, inereased, and deereased. On the whole there 
has been a movement of the mean position from about 5 
to 5.5. Both of these shifts in mean position mighl be ex- 
plained by assuming that the eastern side of the eolumn had 
been raised. 

During this time the two tromom^eters showed move- 



I06 EARTH PULSATIONS 

ments of 2 mm.» and by the displaeement of the light 
spot indieated a Iift of the £ast of about 2 mm. At 3.25 
p.m. a similar experiment"was made, but as there was with 
but little inleruption a gradual movement from 4.7 to 5.3 
in an interval of 4.25 minutes, this was not plotted. At 
the time the tremors were about 2 mm. whilst the tilt on the 
£ast side had deereased to i mm. As eompared with the 
mean position of the balanee at 9.50, the balanee also might 
indieate a ehange in Ievel foIIowing the same direetion. 

Nexl the balanee was eaused to swing, the last oseillation 
being from 4.3 to 5.2. £ight eomplele swings gave a period of 
from 39 to 41 seeonds. 

It eame to rest at 4.7, whieh is where it was when we entered 
the room. 

These diagrams from readings of movements, the range of 
whieh are about the same as those taken when the balanee 
has been found to be swinging, when plolted, give a regular 
series of curves balaneed about a eentral line showing a prae- 
tieally eonstant period. 

A number of experiments were made to see the e£fect of 
quickly opening and shutting the door of the room, walking 
about heavily on the floor» whieh is only eonneeted with the 
eolumn through the outside foundations of the building and 
the earlh, but no effect was observabIe. 

As ihe time of the above observations it was ealm and the 
Barometer stood at 30.35. 

OgTOBBR I2TH. 

At 8.40 a.m. a five seeonds reeord was made of the move- 
ments of the balanee, the results of whieh are also shown in 
the aeeompanying plate. 

A large movement, it will be observed, has a period of at least 
70 seeonds. This motion, whieh might represent a sinking and 
then a rising of the £ast side of the eolumn, is performed 
altogether on one side of the neulral line. Between the smallei* 
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movements there were pauses of from 35 to 95 seeonds. The 
neutral line appears to be about6, that isto say, sinee the iith 
the movement has been as if the £asl had been raised. 

The gradients at Tokio were from N.E. 5 and to the S.W. 
2.5— E. to W. 4— E. to W. 7. 

It will observed that with this ehange in direetion of a gradi- 
ent, the East has been raised. 

a.m. E. up. 

10 6.8 

10.5 64 

12.5 30.1 5 o 5.2...,..Shortly after 5-6.5 ealm. 

3.7 30.05 6.2 — 6.6. 

Ogtobbr 13TH. 

Gaused balanee to swing and ils period is from 40 to 45 sees. 

Reset the balanee at 4. 

3.40 p.m. The barometer at 29.6 and a heavy wind. The 
balanee is remarkably steady at 4. Now and then the tremors 
are steady, but now and then there are large movement8 of 2 to 
4 mm. During ihe day balanee slightly wanders. 

5.10 p.m. Balanee at 4.5. Tremors of 4 mm. and the E. 
sinks. 

7.35. Bar. 29.6, but wind has eeased. Balanee is moving 
from 4.8. Tremors large 5 mm. as if the E. was sinking, and 
the light is displaeed 2 to 3 mm. Bal. goes to 4.2. 

9.4. Bal. 4.2. Yet ealm. Trems. generally zero, but every 
3 to 7 minutes a movement of 4 mm. 

9.20 Trems. show a Iift on the East and balanee agrees in 
direetion. 9.306^1.5.1. 10.56^1.4.5. Trems. deereasing. 
Whilst looking in the mieroseope the balanee moves quickly 
up 3.7 and baek to 4.5 ; with a period of 58 seeonds. It 
was as if there had been a sink and then a rise on the E side. 
10,20 Balanee 3,5 to 4.5. 10.30 Balanee 4 — 5. Neither the 
heat from a spirit lamp, banging the door, or stamping on the 
floor altered this swing. 

The gradients for the day were E. to W. 7 — S. to N. 5 S.W. to 
N.E. 2.5. That is to say, between morning and night the £. 
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side of Japan was relieved of pressure and therefore mightrise. 
This generally agrees wiih the movenient of the balanee, bat 
not with the reeords from the ttomometers. 

OeroBER 14TH. 

7.30. Bal. at6. therefore £. has risen. Trems. 2 mm. and 
working baek to their startmg point as if the £. was rising. 
Fine. 11.00 Bal. 5.8. Trems. i mm. 2.00 Bal. 5.2 (£. 
sinking.) Trems. 2-4 and E. sinking. 5.00 Bal. 4.8. It is 
quite ealm but there are Treras. of 4 mm. The gradients were 
S.W. to N.E. 1.5. S.W. to N.E. 1.5 W. to E. 2. 

OCT0BER I5TH. 

8.30. Bar. 30.05. Fine weather. Balanee mueh distarbed, 
moving quickly, 5.5 to 4.5 then 4 to 4.8. 8.40 Bal. reaehes 6. 
12.00 Bal. at 5. Trems. i mm. (Sinee last night a sinking of 
2 mm.) 5.30 Bal. 4.5 and very steady. Trems. 2 mm. and 
inereasing, and £. sinking, whieh agrees with balanee sinee the 
morning. 7.30 Bal. 4. Trems. o, but E. sunk. Therefore 
all day there has been a sinking on E. The gradients were 
W. to E. 1.5 W. to E. 2.5 N.W. to S.E, 2. 

OeTOBER i6tH. 

9.5. Bar. 30.2. Bal. 6.2 (E, rising). Trems. im. (E. rising 
2mm.) 1.20. Bal. 6.2. Trems. 2mm. 3.20. Bar. 30.2. Bal. 
5.8. Trems. o. 8.30. Bal. 6.8 (E. rising). Trems. now and 
ihen 1.5.-2. 8.35. Bal. 4.5 and returning quickly. Trems. 
2mm. (E. Iifted.) 8.38. Bal. 6.2. 9.20. Rain bul ealm. Bal« 
8.0 (E. Tising). Trems. 4m. E. Iifting. From this time the 
movements of the balanee are very erratie, the ends of swings 
being, 5, 6, 5.8, 6.3, 6, 6.8, 5.3, 6.4, 5»9 ^.8, 6.2, 6.8, 5.7, 6.2, 
5-9» 6.5, 5.7, 6.5, here it stands for i minute then, 6.8, 6.2, 
6.5. Trems. 2mm. and E. Iifted 4mm. 9.49. Bal. stands at 
7 now, and then returning to 6.2. 10.00. Bal. stands at 6.5. 
Trems. now and then ^mm. The gradients were N. to S. * 

N. to S. 5 N.E. 10 S.W. I. 

Ogtober 17TH. 
7.50 a. Bar. 30.15. Fine, but rain during night. Bal. 7. 
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Trems. imm. 7.52. Bal. quickly moving 3.5 to 8 and out of 
field. Trems. (E. sinking). 11.40. Bal. 6.7. Trems. imm. 
4.00. Bal. 6.2. Trems. o. 5.52. Bal. 5.8-5.9. Trems. slight. 
(East lift 5mm.) The gradienls were N. to S. 5, N.W. to 
S.E. 2, N.W. to S.E. 2. 

Ogtober iBth. 
-8.8 a. Bar. 30. Dull, butealm. Bal. 6.5-6.2. Trems. steady 
(sink in E). 12.00. Rain, ealm. Bal. 4.3 to 8. Trems. i to 
2mm. 1.13. Bal. 3 to past 8. Period 38 to 42 seeonds. 
Trems. 2mm. after 5 large swings for 10 minutes. Bal. remains 
6 to 7. 1.35. Bal. 7. Calm and dull. 3.35. Bal. 7 to past 8 
oat of field. Trems. 2 to ^mm. 9.34. Bal. 5.8 to past 8. 
Trems. 4mm. E. lifting Bal. 3 5 to past 8. Period 39 seeonds. 
We have here large trems. and large oseillations, ealm wea- 
ther and a Bar. of 30.1. The gradients were N.W. to S.E. 
2, N.W. to S.E. 5 N.W. to S.E. 2.5. Without giving more ob- 
servations the eonelusions arrived at appear to be as follows : — 

I. — The balanee is nearly always moving, sometimes quick- 
ly and sometimes very slowly. When the balanee is apparently 
quiet and it is raised on the slops and then gently lowered so 
that it is swings through two or ihree divisions of the ivory 
seale, its period is about 41 seeonds. Its period when found 
swinging has been from 17 to 60 seeonds; slower movements 
take anything between i and 50 minutes. As will be seen by 
reference to the diagrams and their deseription, the mean 
position of the pointer may in a short time ehange half a divi- 
sion on the mierometer seale or 1/12 division of the ivory 
seale. During a day it may ereep through ha]f a division of 
the ivory seale. The largest natural osoillations, whieh have 
been far out of the field of the mieroseope, have been 4 
divisions of the ivory seale. These have been performed 
rapidly. Natural swings whieh vary in amplitude and period 
are usually performed almost entirely on one side of what for 
the time may be eonsidered the mean position of the pointer. 
In the Oertling balanee these movements are towards the Ieft, 
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a resalt that might be obtained by raising the eastern side of 
the eolumn, 

The direetion in motion, whether gradual or impulsiye 
shown by the light spots from two independent tromometers 
agree in direetion. On Oetober ^th the balanee remained 
steady for three hours, but this is rare. When tromometrie 
movements are large the movements of the balanee are rapid 
and large. Sometimes, however, the balanee moves when there 
are no tremors, but at sueh a time it appears that the spots of 
light are being gradually displaeed. This displaeement may 
reaeh 3 mm. whieh may eorrespond to a tilt of i in 66,000. 

It must be remembered that these movements have been 
observed in a darkened room where there is but little ehange 
in temperature, that the balanee may be quiet when a wind it 
blowing, whilst when it is moving rapidly there may be an 
absolute ealm, and that the movement8 elosely foIIow those 
of the tromometers. The quick impulsive movements of 
tromometers I attribute to a pulsatory wave-Iike motion 
in the earth's erust, whilst the slower motions may be due 
to a gradual but intermittent tilting. The existence of the 
earth movements may be dependent on the state of the baro- 
metrieal gradient, and also upon the rapidity with whieh at- 
mospherie pressure is altered. 

Assuming that other balanees behave as mine have behaved, 
then the importanee of paying attention to the esistenee or 
non-existence of tromometerie movements when delieate 
weighing operations are being earried out, as for example when 
making determinations respeeting standard weights, is evident. 
£ven in delieate assay work if the zero of a balanee may alter 
within five minutes there may be times when weighing by the 
method of '* vibration8 " may be a£Fected — the displaeements 
referred to, being very often large enough to be measured by 
the eye. 

2. — ^Thk Okrtling and Bungk Balanges. 
In the seeond experiments, whieh eontinued overa period of 
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20 days, the Oertling was observed direetly by the eye, while for 
the Bunge an ordinary hand magnifying glass standing inside 
the glass ease was found neeessary. Both balanees stood on 
the same eolumn in parallel posilions, one facing south and 
the other facing north. When both balanees are apparently at 
rest and they are eaused to swing» the period of the Oertling 
was about 42 seeonds whilst that of the Bunge was about 23 
seeonds. When the Oertling is swinging 3 divisions right and 
left, it praetieally eomes to rest in 11 or 12 minutes. From 
a slightly larger swing the Bunge eomes to rest in 7 minutes. 
In the following statement of what I observed, I shall denote 
the Oertling Balanee as O. and the Bunge as B. : — 

I. — O. showed very mueh more movement than B. 
2. — When O. was greally disturbed, say swinging through i 
division, B. was greatly disturbed, moving through i adivision. 

3. — Twiee I found O. moving over 4. divisions. 

4. — With the assistanee of my eolleague, Prof . C. D. West, I 
have noted both balanees disturbed simultaneously and in the 
same direetion. 

5.— Periods of disturbanee usually oeeur with tromometrie 
disturbanees, but both balanees sometimes move when no 
tremors are observable. 

6. — Both balanees have shown very slight but simultaneous 
displaeemenls in the samediredionbetween night andmorning, 
— thetromometers showing displaeements In the same direetion. 

7.— On November 4th at 8 a.m., the movements of O. 
were from 2 to 3.4, while B. moved from i to 1.5, From 11 
a.m. on the same day both remained at rest until the evening 
of November 6th. This is the only long period when both 
balanees praetieally gave eonstant reading^. 

8. — Both balanees have shown eonsiderable motion when it 
has been ealm, the barometer high, and when the ehange in 
temperature has only been a few degrees. 

9. — Both balanees have remained praetioally at rest during 
a heavy gale and when the Barometer is at 29.2, as for ex- 
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ample, at the tnoment of writing, November 24th at 2 p.m. 

Subseqaently these balauees were plaeed in the Balanee 
Room of the Mining Department in the Engineering GoIIege 
where they stood on a ma8sive oak 8helf built in the briek 
wall. They were set free every morning and observed at inter- 
vals during the day. Slight ehanges in zero, say of .2 to i 
division of the ivory seale were eontinually observed, while now 
and then the movements were larger. On one day when 
as it was a holiday the buildings were empty (Deeember I2th 
from 3 p.m. — 4 p.m.) the swings were large, erratie and about 
different zeros. 

EaRTH PULSATIONS, GrAVITATI0N, AND ASTRONOMieAL 

Observations. 
From what has b.een said respeeting the behaviour of 
balanees and horizontal eonieal pendulums, it would appear 
that whenever a pendulum is swung the results obtained 
may, amongst other things, depend upon the existence or non- 
existence of earth tilting and earth pulsations, whieh may ac- 
eelerate or retard its motion, thereby altering its period and^ 
amplitude and even ehange its zero. In eertain branehes of 
astronomieal work earth pulsations may be at least partially the 
eause of difficu1ties whieh hitherto have not yet been fully under- 
stood. In 1887 when Prof. Todd eame to Japan in eharge of 
anexpedition to observe the eelipse of the sun, a portion of the 
work eonsisted in the endeavour to oblain photographs of the 
eorona. To do this, the image, by means of a heliostat, w»s sent 
through a 40-foot lens before impinging on the photographie 
8urface. From what I learn from Prof. W. K. Burton, al- 
though all parts of the apparatus were installed on solid stone 
eolumns, it appeared at times to be impossible to obtain a 
steady image. One eause to whieh this might be attributed 
would be to the fact that the time of observations may have 
eoineided with a period of earth pulsations. In astronomieal 
speetroseopie work sueh movements might eause eonsiderable 
diSieuIlies. 



ON THE MOYEMENTS 0F HORIZONTAL 

PENDULUMS. 



An Abstragt with Notes on Obseryations made 
BY Dr. E. von Rebeur-Paschwitz. 



By John Milne. 

Imperial Uniyersity of Japan, Tokio. 

The fol]owing notes are abstraeted from three papers, by 
Dr. E. von Rebeur-Paschwitz (see Astronomisehe Naehriehten 
Nos. 2809, 300^ — 02,and No. 3109—10. Thesepapers sam- 
marize a series of observations matie by Dr. Rebear-Paschwitz 
in Potsdam, Wilhelmshaven, and in Teneriffe, on the move- 
ments of partieularly sensitive and well eonstrueted horizontal 
pendutams. 

Any one of these instruments is praetieally identieal with 
apparatus used in Japan to reeord earth pulsations, whieh in 
turn are modifications of a braeket or eonieal pendulum 
seismograph. The first instrument of this dass was Zollner's 
pendulum (see Kgl. Saehs. Ges. d. Wiss, 1869 and 1871). 
In Dr. Paschwitz's arrangement the distanee between the 
pivots was about 74 mm. whilst the length of the frame, at 
the end of whieh there was a small weight, was about 188 
mm. The frame whieh is mad« of light brass tubing, earried 
a mirror whieh reflected a beam of light from a slit to a 
receiving drum earrying a sheet of sensitised paper. The 
distanee between the mirror and the drum was 4^ metres. 
Tbe pendulams were installed in the plane of the meri- 
dian, and therefore movements in a N. and S. direetion 
were not reeorded, the only movements fully reeorded being 

H 
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those exactly at right angles' to the plane of the instrument. 
In Japan the writer has usually employed two sueh pieees of ap- 
paratus swinging in planes at right angles to eaeh other. £very 
preeaution was taken to isolate the apparatus from artificial 
disturbances,as for esample ehange of temperature,air eurrents, 
artificially produeed vibrations, &c. As in Japan, it was found 
that the latter disturbanees only eause a slight tremor in the 
instrument and do not alter the position of the pendulum. 

The foIIowing are a few of the results obtained in 1889 : — 

I. — At Wilhelmshaven the movement of ihe mean position of 
the pendulum seemed to foIIowbarometrical ehanges. With a 
rise of the barometerthe zero point move8 eastward. A ehange 
of 1/4'' in the vertical eorresponded to a ehange of i mm. in 
pressure. In fact, the pendulum, with but oeeasional exceptionS| 
worked with the barometer. This, however, whieh may be dne 
^o the soft or marshy ground near Wilhelmshaven, was not so 
marked at Potsdam. 

2. — A seeond elass of movements are periodieal, and ap- 
parently depend upon the position of the sun. — For esample, 
the pendulum usually goes farthest £. about 2 p.m. and farthest 
W. about 4 a.m. elosely foIIowing the curve for deelination — 
the pendulum going £. when the magnet goes west. More 
aeeurately the East^-Iy movement is eompleted at Wilhelm- 
8haven at 2 p.m. whilst at Potsdam it is at 3^ p.m. The most 
Westerly excursion is reaehed at Wilhelmshaven at 4 a.m. and 
at Potsdam at 8 a.m. 

The Amplitude of motion at the two plaees is 

Wilhelmshaven from i."44 to 4."32 

Potsdam from o."i4 to i."i3 

It would be interesting to know if the Wilhelmshaven and 
Potsdam instruments were installed side by side, whether they 
eould be ealibrated with sufficient aeeuraey to yield indiea- 
tions of praetieally equal amounts of deflection. 

In Japan the author has often had similar instruments on 
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the same eolumns in parallel positions, but although the dis- 
tanee of the mirror from the seale was only 3 feet, owing to 
the eoarseness of the levelling serews and other eauses he has 
always had difficuUy with aeeurate ealibration. 

The movements in Tokto, however, appear to be as follows : 
— The westerly excursion of the pendulum eommenees about 7 
or 8 p.m. and reaehes a limit of as mueh as 5" at about 7 a.m. 
At II a.m. it is baek in its normal position and remains fair1y 
steady until 7 p.m. Now and then there may be an easterly 
excursion during the day. These have been the movement8 
reeorded in January and Deeember. On some days move- 
ments are hardly pereeptible. 

3. — Irregular movements are of three kinds. 

a. In Wilhelmshaven espeeially, movements take plaee 
whieh remind oneof magnetie storms — they are yery 
irregular in period and in amplitude. 
b, Mieroseismie motions whieh may eontinue for more 

than one day. 
c, Disturbanees due to earthquakes, of whieh 30 have 
been noted ; some of them lasting several hours. 
When eonsidering the inAuenee of the moon on the hori- 
zontal pendulum the most eerlain results that have been 
reaehed are : — 

I. — At Wilhelmshaven there is a ehange in the vertical of 
0.^28, whieh must be taken into aeeount when making as- 
tronomieal observations. 

2. — ^This ehange eannot be entirely due to tidal load, al- 
though the observatory is near high water mark. The easterly 
motion of the pendulum is eompleted one hourbefore high water. 

The movements may be due either to a ehange in level or 
to a deflection in the vertica1, but the results are too great for 
the latter, therefore in Wilhe1mshaven the movements are most 
likely due to aehangein the level of the ground. At Potsdam 
the movements are smaller, but may be put down at o.'^oi. 
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In his third paper Dr. Rebeur-Paschwitz adds an aeeoarit 
of his observation8 in TenerifEe extending from Deeember 36tk| 
1890, to April 27tb, 1891. Here the instrament was not in a 
eellar. 

The reduetion eonstants were. 

Wilhelmshaven 0/2904 

Potsdam o.''2000 

Puerto Oroiava o/'i465 

These numbers represent, in seeonds, the ehange in the verti- 
eal for a displaeement of the spot of light through 5 mm. 

The movements of the instruments are equivalent to the 
movement of the style of a pendulum im. long multipled : — 

3,552 times 

5,156 times 

7,040 times 

The iirst diseussion refers to the possible inAuenee of the 
moon in produeing elastie tides, whieh, if they have been de- 
teeted, are extremely small and different at Potsdam and Tene- 
riffe. 

The daily ehanges observed at these plaees agree very elosely 
with eaeh other and also with the deelination carve. Abodt 
9 a.m. they are farthest West and from 3 to 4 p.m. they are 
farthest East. 

In his iirst paper, Dr. Rebeur-Paschwitz deserlbes daily 
movements, when at 6 hours the movements are farthest S. 
and at 18 hours farthest North, the amplitude being o.''5. 

In relation to meteorologieal ehanges Dr. Rebeur-Pasehwits 
observes: — i. That at all these stalions a temperature e£Fect is 
observabIe whieh agree. with eaeh other. 2. Atmospherie 
pressure aets sometimes in one direetion sometimes in another, 
and sometimes appears to be without ef!ect. Loeal eonditions 
no doubt play an important r61e. 3. Geologieal eonditions 
are eonneeted with irregularities of movements. 
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In many eases the effect of strong winds eonilrm the observa- 
tions in Tokio. The present writer, however, iinds that there is 
a eloser eorrespondenee with steepne8iof barometriegradieots 
whieh are not always proportional to winds. 

Eight earthquake shoeks have been observed near Wilhelms- 
haven and Potsdam, six of whieh were eommon to both plaees. 
Six were observed in Teneriffe. In eleven months 14 shoeks 
were reeorded. In Tokio sometimes six or seven distnrbanees 
not reeorded by seismographs at Observatories are noted. The 
seeond elass of movements may be the so-caIIed miseroseismie 
^iotions whieh the present writer regarded as 8arface waves 
produeed by fluctuations in barometrie pressure. Three of 
these distnrbanees, however, might be the result of distant 
earthquakes. One of these, whieh is of interest to residents 
in Tapan, is as foIlows : — 

On April i^lh, 1889, the curves at Wilhelmshaven and Pots- 
dam were greatly disturbed (but without a sharp beginning), at 
lyh. 5im. and i^h. 54^. M.G.T. At i6h. 48. ^m. there was 
an earthquake in Tokio. The distanee is 9,000 km. and the 
difference in time 64^.3. The resultant veIocity is 2.33 km. 
per see. 

A third elass of disturbanees have only been observed in 
Teneriffe where sometimes there are repeated movements of 
the pendulum without swinging. On the assumption of a veIo- 
eity of 2km. then the lengths of these waves varied between 
180 and 1080 km., whilst the heights from erest to sinus were 
between 20.5 and 83.4 mm. 

As the veIocity of surface waves is so variab1e, at times not 
being more than from 50 to a few hundred feet per seeond, al- 
though the writer has often endeavoured to give dimensions to 
earth waves, (see paper in this volume on Earth Pulsations in 
relation to various Phenomena), for the present he regards his 
own results as tentative. In all probability their length is 
nearer Dr. Rebeur-Paschwitz's minima rather than to his 
maxima. No doubt they vary with the soil and the intensity of 
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the produeing eause, while they Aatten, beeome longer, and in- 
erease in period as they radiate. 

In eonelusion, the writer wishes it to be understood that these 
notes have no pretension to be a translation of Dr. Paschwitz't 
work, and therefore may here and there possibly fail in ac- 
eurately expressing his meaning. It is, however, hoped that 
they give at least an outline of what is an eseeedingly valuable 
eontribution to a eertain braneh of Earth Physies. 

In Japan, the writer's work has been chiefly to define the 
nature and to study the laws governing earth pulsations (earth 
tremors or mieroseismie disturbanees) . Dr. Rebeur-Pasehwits 
has chiefly devoted his attention to ehanges in the vertical. 
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By F. Omori (Rigakushi). 

Imperial Uniyersity of Japan, Tokio. 

Although China is not noted for its volcanoes, yet parts 
of it are subject to frequent and violent shakings. In 
Japan, earthquakes oeeur mueh oftener on the Pacific than 
on the Japan Sea side. Of the destructive ones reeorded in 
Japan, about 57 per eent. took plaee on the Pacific side, 
28 per eent. on the Japan sea side, and the remaining 15 per 
^ eent. in the eentral regions of the eountry. There is no peeu- 
liarity of a similar kind in the earthquake distribution of 
Ghina, the activity being greater in eertain interior provinces 
than along the eoast, though near the latter we have a ehain of 
active volcanoes extending from the Kuriles to the Philippines. 

In Vol. X. of the Trans. Seis. Soe. of Japan, there is a 
paper on £arthquakes in Ghina, by Dr. Maegowan. It is a 
great misfortune that hia original eatalogue of Ghinese earth- 
qaakes was destroyed by fire during a riot, as sueh eompila- 
tions are by no means easy to obtain. It is eertainly (1ifficult in 
thiseountry to obtain the neeessary materials, and I have sue- 
r eeded in eolleeting from histories and ehronieles only those 
^ shoeks whieh happened previous to 1644, ^be year of the down- 
fall of the last Min dynasty. Altogether these amounted to 908 
shoeks or groups of shoeks. Although nearly all of these have 
their preeise dates given, I shall not make a statistieal classifica- 
tion with regards to seasons, ete, as sueh work is not likely 
to give interesting results. Of these about 400 were at the 1 
eapitals of the former dynasties and were probably small. ! 
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The number of earthquakes reeorded inereases as the time ap- 
proaehes the present, but, in the ease of Ghina, we must also 
remember that it was only sinee the Ghen and Min periods 
that the empire assumed the extent it has now-a-days. The old 
Ghinese believed in the super-natural or moral eauses of earth- 
quakes, and the old reeords of earthquakes are almost invari- 
ably aeeompanied wilh notiees of eonlemporaneous outbursts 
of wars, bad aetions or deaths of emperors or other great 
personages, ehanges of dynasties, ete, tbe idea being to show 
that they were forerunners or consequences of some politieal 
events. In one partieular instanoe, a severe shoek oeeurred 
/ about the eity of Ghoan (now Si-ngn, Shense) on Feb. 22nd, 
1128, whieh was then being besieged. The defenders were 
struek with panie, and the besiegers, profitting by the moment^ 
eaptured the eity. 

Ghoko s seismometer, whieh is deseribed in one of the old 
histories and illustrated in Professor John Milne's '' Earth- 
quake$/' was invented in the year 132 a.d., would seem to 
show that the Ghinese had a dislinet eoneeption of earthqaake 
motion^ partieularly as to the existence of a direetion of movei- 
ments. Many of the shoeks are deseribed as having been 
preeeded or aeeompanied by sounds. These are mostly 
characterized as being like ihunder, and in a few eases, when 
weak, eompared to the beating of drums. Sometimes shoeks 
are stated as having eome from eertain direetions. 

Some of the shoeks were very extensive, — covering ihree or 
four provinces, r.^., about double of whole Japan. The most 
vioIent earthquake reeorded in Ghinese history took plaee on 
'. Feb. 2nd, 1556. This shook tbe three provinces of Sh^inse, 
Shense, and Honan, in whieh more than 830,000 people were 
killed. The meizoseismal area was a narrow zone, stretehing 
E.-W., along ihe river Wei-ho (in Shense), a tributary of the 
Hoang-ho, and ineluded the south-western eorner of Shense. 
Ground-eraeks were formed and water ejected from them 
together with mud and fish. At some plaees the soii was 
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depressed, earrying down habitations and eastles, whilst, at 
otbers it was eontorted into mounds and hills, and roaring 
sounds were heard among the mountains. The shoek was 
initiated by detonations like thunders, and shakings eontinued 
for many days. It will be observed that this deseription is 
similar to that of the Japan earthquake of 1891, whieh seems 
to be mueh smaller than the above. This great shoek was not 
foretold by previous shoeks but was foIlowed by disturbanees 
during the next two years. Gontemporaneously with this, there 
was no destructive earthquake in Japan. 

Esamples of the meizoseismal area oeeupying an elongated 
valley traet are not uneoAimon. Thus, ihe great earthquake on' 
September 25th, 1303, whieh shook the province of Shanse ^ 
and deslroyed some 100.000 houses, was in the valley of the 
riyer Fuen-ho, a tributary of the Hoang-ho running from north 
to soulh. Again, that of August i8th, 1561, whieh shook 
the norlhern portions of the proviaces Kansu^ Shense, and 
Shanse, was in ihe valley of the river Tsing-ehooi, another 
tributary of the Hoang-ho running from south lo north. It 
Seems that in sueh eases the dlsturbed area was generally ex- 
tended in direetion perpendieular to the meizoseismaI zone. 

Speaking generally, earthquakes are more frequent in the 
provinces to the north of the Yang-tsze-kiang and in the pro- 
vince of Yunnan at the south-west eorner of the empire. Es- 
peeially the three northeru provinces of Kansu, Shense, and 
Shansehave oftenbeen seatsofextensiveand violent earthquake8. 
Destructive ones are not uneommon, and of the 395 shoeks 
whieh happened during the Min period, (iS7i'i644)« thtre 
were 50 distinetly stated to have eaused destruetion of 
life and buildings. From this we may suppose that a destrue- 
tive shoek will happen on an average every 5 years in one part 
OTOther of Ghina. These 50 shoeks were distributed as follow8 : 
17 in Kansu; 12 in Yunnan ; 2 in Shense : 2 in Shanse; 2 in 
Seeehen ; 3 in Shantung; i in Ghekiang; i in Kweiehow; i 
in Hoope ; and i in Shense and western Kansu; i in Shense, 
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Shanse, and Honan ; i in Shantung, Peehili, Shanse and 
Shense ; i in eastern Kansu, Shense, and southern Shanse ; i 
along the eoasts of the Pekin Gulf and the Yellow Sea ; 4 along 
the eoast of the Pekin Gulf. Thus a destruclive shoek on 
an average oeeurred, during these times, in Kansu every 16 
years, and in Yunnan every 23 years. As a matter of fact> 
the shoeks did not oeeur at regular intervals» but were more 
or less in groups. Now Kansu has been ihe seat of steady 
and comparaliveIy uniform seismie activity, and the period 
seems to reeur at rather regular intervals ; namely, 11 shoeks 
during the Ghen period and 28 during the Min period, whieh 
may fairly be eonsidered as being loealto the province. These 
were grouped as in the folIowing table : — 

Kansu. 

Period. Succes8ive Ii)tervais. Number of Shoeks. Intensity. 

Years. 

1276 34 2 3 

I3IO 18 4 4 

1328 — 5 6 

(No eartiiquake during tliis interval, probably reeor^ wanting). 

1376 64 3 4 

1440 36 I. 2 

1476 22 '4 6 

1498 44 3 4 

1542 23 3 4 

1565 33 4 6 

1598 28 5 10 

1626 15 4 7 

1641 — I I 



Average 32 



In the above list, the ** periods '' were obtained by taking 
'the means of the years of several shoeks whieh happened within 
a few years of eaeh other, and the figures representing the 
** intensity '* by summing the eorresponding intensities taken as 
I or 2 aeeording to the degree of vioIence of ihe shoeks, though 
probably all were severe. No sueh series of periods reeurring 
after tolerably regular intervals ean be observed with earth- 
quakes in other provinces. It might be that the periods, if 
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eiisting, were too long and therefore difficult of being 
recognized. In the foIlowing list are given the numbers and 
intensities of the shoeks essentially loeal to the three most 
disturbed provinces of Kansu, Shanse, and Yunnan whieh 
happened during the Ghen and Min periods, divided intohal!- 
eenturies or about : — 

Kansa. Shanse. Yannan. 

Number. Intensity. Namber. Intensity. Number. Intensity. 

I265-130O 2 3 II 13 O O 

1300 1333 9 10 " 13 2 3 

(No earthqualre during this interyal, or reeord wanting). 

1371*1400 3 4 9 10 2 2 

1400 1450 I 2 o o o o 

1450 1500 6 9 4 6 3 5 

1500 1550 4 5 5 6 16 24 

15501600 7 12 4 7 I 2 

16001642 7 12 5 5 6 7 

It will be seen from the above that a maximnm of seismie 
activity oeeurred in Shanse in the latter part of the i^th and 
in the i4th, while in Yunnan it oeeurred in the first half 
of the i6th eenturies. Generally there is no eoineidenee in 
times of oeeurrenee of maxima in different parts of Ghina, 
neither is there any between those in Ghina and Japan. 
In the latter eountry, great earthquakes in its different parts 
sometimes oeeurred within a few years of eaeh other, so that 
the whole of Japan may form a single seismie zone, while the 
northern and the south-western parts of Ghina lorm distinet 
seismie regions. The shoeks in Yunnan were mostly loeal. 
The most disturbed of the eoast provinces are Peehili and 
Shantung, where destructive shoeks have sometimes oeeurred. 
In the provinces of Ghekiang, Pookien, and Kwangtung, shoeks 
were rare, and of the 17 in these provinces whieh happened 
dnring the Min period none are positively stated to have eaused 
destruetion of 1ife and buildings. The areas shaken in these 
eases were mostly along the eoast and very rarely extended 
inland. Probably the origins might have existed in the For- 
mosa Ghannel; Pookien has been the most frequent1y disturbed 
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province of the three. The four interior province8 of Kiangsi, 
Hunan, Kwangsi, and Kweiehow are the ieast disturbed re- 
gions in Ghina. 

The eity of Nankin was sh^ken 30 times during 70 years 
between 345 and 414 (Eastern-Shin period), and about iio 
times during 273 years betweeri 1372 and 1644 (Min period), 
30 that as earthquakes happened on the average in these two 
epoehs respectively every 2*3 and 2*5 years. If, however, 
we eount all the shoeks in the same year as forming one 
group, then there were in the same two epoehs respective]y 
one group of shoeks every 3*5 and 7*5 years on the average. 
From facts like the above we eannot deduee any eonelusion as to 
the question whether there has been any deerease in the seis- 
mie activity during these eenturies. But we should be rather 
inelined to believe that there may have been some sueh 
deerease at Nankin, espeeially eonsidering the estremely 
turbulent eondition of the former epoeh. None of these 
shoeks seem to have been destrueti^e, and sometimes it 
iji partieularly slated that houses moved and made eraek- 
ing JSoqqds, ete. In the year 1425^ there were 42 shoek^ j 
ia Nankin^ and 8 or 10 during eaeh of the two foIIowing 
years. The eity of Pekin was shaken 88 times during 237 
years between 1403 and 1639, or on average there was one 
shoek every 2*7 years. Of these 88 shoeks, 12 were severe, 
though not destructive. The one in 1266 (Ghen period) w^is 
8ufficiently strong to eause some damage to walls, while another, 
i^ few years before, eaused (in the vicinity of the eity) 
landslips in mountains and depressions of ground, and 
many people were killed. Probably the neighbourhood of 
Pekin is more largely shaken than that of Nankin. Thu9 
there were^ during 163 years between 1476 and 1638, i3 
shoeks arpund the Pekin and the Leaoton gulfs, of whieh 6 
were destructive ; while there were during 168 years between 
1477 and 1644, 21 shoeks about the mouth of the Yang-t8ZQr 
kiang of whieh only one was destructive. We append 
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below the numbers of shoeks whieh oeeurred at some of the 
older eapitals : — 

At Rakuyo (now Honan, in Honan), 53 shoeks during 103 
years (92 — 194), and 13 shoeks during 46 years (269 — 314). 

At Ghoan (now Singan, Shense), 36 shoeks during 261 
years (619 — 879). 

At Rin-an (now Hangehow, Ghekiang), 27 shoeks during 
193 years (1029 — 1221). 



A NOTE ON THE GREAT EARTHQUAKE 
0F OGTOBER 28TH, 1891. 



(SEB RSPORT TO THE BRITISH ASSOGIATION 1892.) 

By John Milnb. 
Impbrial Uniyersity of ]apan, Tokio. 

If we may judge from the eontortions produeed along lines 
of railway, the iissuring of the ground, the destruetion of 
hundreds of miles of huge embankments whieh guard the 
plains from river floods, the utter ruin of struetures of all 
deseriptions, the sliding down of mountain sides and the top- 
pling over of their peaks, the eompression of valleys, and other 
bewildering phenomena, we may confidently say that last year, 

m 

on the morning of Oetober 28, Gentral Japan received as ter- 
rible a shaking as has ever been reeorded in the history of 
seismology. It is a subject that might be written about at 
interminable length, and therefore in the folIowing few pages 
no attempt is made to give detailed deseriptions of all that 
happened. 

Mr. F. Omori, who works wiih me in the Seismologieal 
Laboratory, has made several visits to the shaken distriet, and 
ever sinee has been busily engaged in analysing the materials 
he eolleeted. Professor Tanakadate, with a staf¥ of assislants, 
devoted himself to observations relating to the veIocity of pro- 
pagation of earth-waves, the eurious sound phenomena, and, 
lastly, to a redetermination of magnetie elements in the 
devastated distriet. Dr. B. Koto has studied the phenomena 
from a geologieal standpoint. 

Under the title of ** The Great Earthquake in Japan/' in eon- 
]unction with Professor W. K. Burton, I have published a 
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popular aeeount of the more slriking phenomena whieh were 
observed, illustrating the same by a series of photographs. The 
questions to whieh grealest attention has been given are those 
of importanee to engineers and builders, but inquiries and in- 
vestigations have been made relating to everything whieh was 
thonght to be of int^rest. A few days after the disaster, at the 
request of Professor D. Kikuehi, I drew ap a eireuiar eon- 
taining some fifty queries. Ten thousand of these doeuments 
were issued, and we are ndw surrounded by box<s filled with 
newspaper euttings and replies. Five per eent. of the whole 
may be of value, but yet it has all to be patrently examined. 
In addition to this material, there is that of our own eoUeeting, 
whieh, in addilion to what has already been mentioned, iib- 
eludes some hundreds of diagrams taken by seismographs of 
what seemed to be at one time an unending series of shoeks 
whieh followed the great disaster. This ehaotie mass of 
material is gradually being sifled, and assuming a form suit- 
able for systematie investigation. Although many of the results 
may be more marked by the magnitude of the phenomena they 
represent rather than by their novelty, we have already gone 
sufficienlly far to see^that eertain observations ean hardly fail 
in widening the eirele of our present knowledge. 

The first notiee that I received of the earthquake was at 6h. 
39 m. iis. on Ihe morning of Oetober 28, whilst I was in be'd. 
From the manner in whieh my bouse was ereaking and the 
pietures swinging and Aapping on the wall I knew the motion 
was large. My first thoughts were to see the seismographs at 
work ; so I went to the earthquake-room, where to steady my- 
8elf I leaned against the side of the stone table, and for about 
two minutes watehed the movements of the instruments. It 
was elear that the heavy masses suspended as horizontal 
pendulums were not behaving as steady points, but that they 
were being tilted, first to the right, and then to the Ieft. Hori* 
zontaI displaeements of the ground were not being reeorded, 
bat angles of tilting were being measured. That whenever 
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vertical raotion is reeorded there mnst be tilting, and there^ore 
no form of horizontal pendalum is likely to reeord horizontal 
rootion, is a view I have often expressed. What I then saw 
convineed me that sueh views were eorreet. Next I ran to a 
water-tank whieh is 80 feet long, a8 feet wide, and 25 feet 
deep. Its sides are praetieally verlical. At the time it was 
holding about 17 feet of water, whieh was running aeross 
its breadth, rising iirst on one side and ihen on Ihe other 
to a height of about 2 feet. It splashed to a height of 4 
feet. It seemed dear thal the tank was being tilted, first 
on one side, and then on the other. Whilst this was going 
on, trees were swinging about, telegraph-wires were elattering 
togetber, the briekwork of the tank was eraeked, and the 
eollege workshop a two storied briek building, a few yards away, 
was so far shattered that it has had to be partially rebuilt. The 
effect of the motion upon myself was to make me feel giddy 
and slightly sea-siek. The ehimney of a paper-mill in Tokio 
lell, and also a ehimney at the eleetrie-light works in Yokohama. 
The eonstruetor of the latter derived some satisfaction from 
tbe fact that it fell as a heap of loose briek round its 
base, for had it been made of better materials, it might have 
tbppled over in large masses, and destroyed neigbhouring 
buildings. Many struetures were slightly fractured. During 
the day twenty-one other shoeks were reeorded, but nearly all 
of them were so slight tbat they failed to give a diagram 
stifficiently large for analysis. Frotn the slow and easy swing- 
ing nature of the motion, it was known that the shoek was not 
of loeal origin, but that it had originated at a distanee. As 
disturbanees of this eharaeter had often reaehed us from ati 
area beneath the Paeiiie Oeean about 400 miles to the north* 
east, it was from the northern parts that we expected to receive 
lurther information. Tbe surmise that the origin was at a dis^ 
Unee proved eorreet, but instead of being beneath the oeeaa 
to the north-east, it was beneath the land in an exactly eon)- 
trary direetion. The first news was that in Kobe, whieh is 
about 400 miles towards the south, many ehimneys had fallen, 
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earthquake shoeks eontinued, and all were in alarm; whilst at 
Osaka, whieh is 356 miles from Tokio, a eottonmill had 
eollapsed and many people had lost their ]ives. Litlle by little 
news of destruetion arrived from many towns, and as it eame 
it grew more terrible. The seene of greatest disaster was the 
Nagoya-Gifu Plain, whieh lies about 140 miles W.S.W. of 
Tokio, and 80 miles N.£. of Kobe. In this distriet destrue- 
tion had been total. Gilies and villages had been shaken 
down, the ruins wereburning, bridges had fallen, riverembank- 
ments had been destroyed, the ground was iissured in all 
direetions, and mountain sides had slipped down to dam 
the valleys. More aeeurate estimates of eertain damages 
are now before us. The killed numbered 9,960, the 
wounded 19,994, and the houses whieh were totally de- 
stroyed were 128,750. In addition to these there were many 
temples, factories, and other buildings. In an area of 4,176 
square miles, whieh embraees one of the most fettile plains of 
Japan, and where there is a population of perhaps 1,000 
to the square mile, all the buildings whieh had not been 
redueed to a heap of rubbish had been badly shattered. To 
rebuild the railway, reeonstruet bridges, roads, and embank- 
ments, and to relieve immediate distress, about five million ven 
were poured into the distriet, a large portion of whieh eame 
from the Imperial treasury. This sum, however, only measured 
a fraction of the total destruetion. One hundred thousand 
houses had to be rebuilt, irrigation works had to be re- 
paired ; a value had to be given to land whieh had been buried 
by landslides or lost by what appears to be a permanent eom- 
pression of valleys ; there had been a six months interruption 
of traiiie and of industries, and nearly 10,000 people had lost 
their Hves — all of whieh are factors whieh eannot be overIooked 
when measuring the effect of an earthquake by the sum it takes 
to replaee the damage it has oeeasioned. Independent of the 
lives whieh were lost, the total eost of the earthquake may be 
reeorded as thirty million yen^ 
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The immediate eause of this great disburbanee was ap- 
parently the formation of a fault whieh, aeeording to Dr. B. 
Koto, ean be traeed on the surface of ihe earth for a distanee of 
between forty and fifty miles. There are also many minor faults. 
In the Neo Yalley, where it runs nearly N. and S., it looks like 
one side of a railway embankment about 20 or 30 feet in height. 
The fields at the botlom of this ridge were formerly ]evel with 
the fie]ds whieh are now on the top of it. In Mino, where 
it strikes towards the east, it is represented by subsidenees and 
mound-Iike ridges, suggesting the idea that they might have 
been produeed by ihe burrowingof agigantie mole. Although 
there is only 20 feet of displaeement on the surface, from what 
we know of 8urface disturbanees resulting from the caving in 
of subterranean excavations, the masimum throw of this fault 
is in all probability very mueh greater than that whieh is ac- 
eessible for measurement. Ndt only have the rice-fields been 
lowered, but, aeeording to the peasants, the mountain peaks on 
the western side of the valley have deereased in height. 

In addition to the evidence of subsidenee along this line, 
there are many evidencet of horizonta] displaeements. Lines 
of roads have been broken, and one part of them thrown tothe 
right or Ieft of their original direetion ; whilst fields whieh were 
reetangular have been eut in two, and one-haIf relative to the 
other half has been shifted as mueh as 18 feet up or down the 
valley. One result of this, is, that landowners find there has 
been a parlial alteration in the position of their neighbours. 
A more serious ehange has been the permanent eompression 
of ground, plots whieh were 48 feet in length now measuring 
only 30 feet in lengih. It appears as if the whole Neo Yalley 
had beeome narrower. A similar effect is notieeable in the 
river-beds, where the piers of bridges are left eloser together 
than they were at ihe time of their eonstruetion. 

Sinee the big shoek about 3,000 minor shakings have been 
reeorded. At Gifu and Nagoya, where most of these were 
felt| their distribution with regard to time was as follows, 
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the numbers representing the number of shoeks whieh were 
reeorded during sneeessiTe interval8 of ten days : — 

Month. Day. Month. Day. Nagoya. Gifa. 

1891 : X ...29 1891 : XI 7 559 1,132 

XI 8 XI 17 123 341 

XI 18 XI 27 76 116 

XI 28 XII 7 48 139 

XII 8 XII 17 40 190 

XII 18 XII 27 27 75 

XII 28 1892: 1 6 36 87 

1892: l 7 1 16 9 60 

1 17 1 26 6 36 

1 27 II. 5 9 45 

II 6 II 15 7 37 

II 16 II 25 II...... 39 

n 26 III 6 9 40 

III 7 III 16 3 28 

III 17 III 26 3 13 

III 27 IV 5 9 42 

IV 6 IV 15 1 26 

IV 16 IV 25 4 28 

Tolal — 980 2,474 

The most violent shakings took plaee high up in the Neo 
Yalley, on the line of the great fault, and again in a distriet to 
the west of Nagoya, about 25 miles farther south, in the middle 
of the Owari Plain. This seeond area of great disturbanee 
may indieate the proximity of a seeond line of fracture not 
Yisible on the surface, or it may be an area where waves from 
yarious sides of the plane eoaleseed. 

With the first of these srhakings, great landslips took plaee, 
and long lines of mountains whieh were green with forest now 
look as if they had beeu painted yellowish white. The valleys 
in these distriets have been filled with d^bris, and behrnd one 
of the dams whieh has been forme(f there \s now a lake s\x 
miles in circumference. In one distriet on the eas^tern side of 
the plain we are told that mountam peaks fe]l in and depreS'- 
sions were formed. Depressions also oeeurred in some of the 
vaIIeyS| and the houses of farmera suddenly sank up to their 
eave8, burying their inmates in a sea of earth and mud beneath 
the floor on whieh onee they lived. 
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In the plains, river embankments whieh on the top are from 
so to 30 feet in widthi and have slopes of 3 to i and 2 to i, 
were very mueh eraeked and fifisared. Usually these eraeks 
were 2 or 3 feet in width, but in plaees they had so far united 
that openings 10 or 15 feet wide and about the same in depth 
had been formed. In ali eases the fissures were parallel to 
the river bank, and it was in viliages near these banks where 
destruetion had beeu most eomplete. It might be expected 
that these iissures would oeeur at distanees of half wave- 
lengths from ihe river bank, aud at similar distanees from 
eaeh other, but no sueh rule was obser^able. The general 
appearanee of the ground was as if gigantie ploughs, eaeh 
eatting a treneh frora 3 to 12 feet deep, had been dragged up 
a^d down the river banks. 

Fissures, out of whieh sand and water had been poured, 
sometimes to forra smail eraters, were also to be seen on the 
open plaius. These fissure$, whieh seldom exceeded a foot 
in width, and whieh may have been formed by tlie eompret- 
sion of watery strata beneath, may possibly give approximale 
raeasures of maximum horizontal displaeement, it being assum- 
ed that the direetion of motion was at right angles to the 
direetion of the fissure. 

Along the railway-line many eorious appearanees were pre- 
sented. It was almost everywhere more or less disturbed, the 
exceptions being where it passed through small euttings. 
Along these euttings, although they might not be more than 
20 or 50 feet in depth, the rails and sleepers were unmoved ; 
from whieh it may be inferred that the movement on the free 
8urface of the plain had been mueh greater than the move- 
ment at a comparatively shallow depth. Measurements of the 
motion experienced on the sarface and that reeorded in pits 
10 to 20 feet in depth have already been given in former 
papers. .The results of these experiments have been praetieally 
applied to several buildings in Tokio, by giving them base- 
ments and a free area. The Imperiai Gollege of Engineering 
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is tueh a building. It does not show the slightest traee of 
damage after the last earthquake, whilst at a distanee of 20 
yards the workshop, whieh is also a strong briek buiiding, but 
rising from the surface, as already stated, has been rebuilt. 
This is the third time the Engineering Gollege has eseaped 
damage, whilst neighbouring briek buildings have been eraeked 
in almost every room. 

Where the line was on the open plain, and only separated 
from it by a narrow diteh on either side, it appeared as if the 
ground had been piled up into bolster-Iike ridges belween the 
sleepers. This indieated a longitudinal motion, but in 
many plaees it was notieeable that ihe sleepers, relati^ely 
to the ground, had also been moved endways. Neither of these 
movements greatly exceeded 6 inehes. Wherever the line 
erossed a small depression in the general Ievel of the plain, 
even if it did not exceed 2 or 3 feet, al sueh plaees the whole 
of the traek was bent from its straight eourse into a bow-Iike 
form, suggesting the idea that along these depressions, whieh 
are piobably filled with softer material than that eomposing the 
plain, a greater quantity of motion had been transmitted, whieh, 
striking the line like a flood, had eaused a permanent deflec- 
tion. The more reasonable explanation is that these lines of 
soft material, like the vaUeys and river-beds, had been per- 
manently eompressed, and the amount of eompression was 
measured by ihe amount of bending. £ffects of eompression 
were most marked on some of the embankments, whieh gradu- 
ally raise the line to the Ievel of the bridges. On some of 
these, the traek was bent in and out until it resembled a ser« 
pent wriggling up a slope. Not only were ihere these hori- 
zontal foldings, but by subsidenee or eompression there were 
Yertieal folds, whieh in plaees gave the line the appearanee of 
a switehbaek. Glose lo the bridges the embankments had 
generally disappeared, and the rails and sleepers wer^ hanging 
in the air in huge eatenaries. 

At the bridges, one of whieh, over ihe Kisogawa, made 
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np of 200-feet spans, is 1,800 feet in lenglh, the destruetion 
was various. In nearly all eases wing walls had given way. 
At one briek bridge the abutmenls had been forced baekwards, 
and the areh had fallen bodily between them down upon the 
roadway, where il lay in two big segments, looking like a gig- 
antie togg]e-joint. At the Nagara Bridge the piers, eaeh of 
whieh eonsisted of five large iron eolumns filled with eonerete 
and braeed together, had in several instanees nol simply been 
broken al iheir bases, but they were snapped in pieees and 
thrown out upon the shingle beaeh uf the river, where they lay 
like bits of broken earrot. The bridge was thrown 19 feet out 
of a straight line, and one of the foundations near the eentre 
of ihe river had been m6ved 5 feet 2 inehes up-stream. Where 
the greatest deflections oeeurred the foundations eould not be 
positively reeognised. 

Mr. C. A. W. Pownall, who eonstrueted these bridges, and 
who gave me the above measurements, estimates the deflection 
on the line where it approaehes the bridges at i foot 6 inehes 
in a distanee of 90 feet. The distanee through whieh the 
foundations of the Kiso Bridge have permanently approaehed 
eaeh other is 2 feet in a span of 200 feet— that is to say, the 
eontraetion aeross the river-bed is i per eent. When all the 
piers of a bridge had not been broken, it was observed that 
those whieh eseaped were the shorter ones, nearthe river banks. 
The longer piers of the Kisogawa Bridge had a eross-seetion 
of 22*5 feet by 10 feet, and a height of 29 feet above the plane 
of fraclure, whieh was 4 or 5 feet above their foundation8. 
They earried girders weighing about 200 tons. The shorter 
piers, whieh also had a eross-seetion of 22*5 feet by 10 feet, 
had heights of about 21 feet above their planes of fraclure. 
They earried girders weighing about 22 tons. 

The tensile strength of the briek and eement work of these 
piers was, as shown by tests made by the writer, unusually 
high,often reaehing loolb. to the square ineh, When making 
these tests, it was seldom that the eement gave way, fracture 
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taking piaee eitherby the breaking of the briek or by separation 
between the eetnent and briek, 

The tensile strength of briek and mortar work from eotton- 
factories and other private buildings seldom exceeded 5lb. to 
the 8quare ineh. 

Professor Tanabe, of the Imperial Coilege of Engineeiing, 
has very kindly applied the fracluring formuIa to the Kisogawa 
and other struetures, wilh the foIIowing results : — 

The tall piers at the Kisogawa Bridge, whieh were broken^ 
were eapable of resisting an aeeeleration of 5.05 feet per see, 
whilst the shorter piers, whieh were also broken, eould have re- 
sisted a force invoIving an acceleration.of 10.8 per see. per see. 

The aeeeleration in the neighbourhood of this bridge wa3 
theiefore greater than the higher of these two numbers. Be- 
eause there is no neeessily that one set of piers out of a series 
should only have half the strength of another group in the 
same series, or that any given strueture should be weaker at 
its base than it is in its upper parts, so far as resistanee to 
stresses consequent on horizontal movement is eoneerned, the 
writer ventures to express the opinion that when eonstrueting 
in an earlhquake eountry, ordinary engineering praetiee re- 
quires modiiieaiion. Sueh modiiieations are being made by 
Mr. C. A. W. Pownall in the design of a series of bridges now 
being built up the Usui Pass, in this eountry. 

For the Nagara Bridge, where east-iron piers have snapped in 
two, the aeeelerations experienced have not yet been ealeulated. 

Leaving the railway works, and examining the variou8 briek- 
and mortar struetures, like publie buiidings and mills, whieh 
existed at many towns upon the plain, we meet with hardly 
anything but absolnte ruin. Two eonspieuons briek-and- 
mortar ruins in Nagoya were the Post Office and a eotton-mill. 
Walls like these, even if not weakened by openings near their 
base, assuming them to have been 40 feet high and i^ foot 
thiek, and with a tensile strength for their briekwork of ^lb. 
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per square ineh — whieh is not an underestimate — might have 
reslsted a suddenness of molion of a few inehes per see. per 
see. From overtarning phenomena and diagrams we know 
the aeeeleration impressed upon buildings in this area may 
have been as mueh as 15 feet per see. per see. 

One eurious form of destruetion was that whieh was observed 
with many mill ehimneys, whieh, with the exception of one in 
Yokohama, instead of breaking at their bases, gave way at 
aboat two-thirds their height. The eonelusion is, that seetions 
near the bases of these ehimneys were apparently sufiiciently 
strong to resist the stresses due to the inertia of the upper 
partSi while seeiions at about iwo-thirds ihe height were so 
weak that they failed to resist the inertia effect of the upper 
one-lhird of the ehimney. Galeulalions respeeting these 
struetures have not yet been made. 

Tbe ruins of ordinary Japanese buildings existed along all 
the roads in never-ending lines. In some streets it appeared 
as if the houses had been pushed down from the end, and they 
had fallen like a row of eards. Where a row of buildings had 
only been partially pushed over, it was nolieeable that those at 
the end had suffered more than iheir neighbours. Sometimes 
you passed a mass of heaped-up rubbish, where stieks and 
earth and tiles were so thoroughly mixed that traees of streets 
or indieations of building had been entirely lost. 

Many of the ruined towns, like Kasamatsu and Gifu, eaught 
fire, and all that remained was a sea of reddish earth and 
broken tiles. At several plaees people were eaught in the fallen 
ruins, and subsequently burnt to death. The chief eauses 
whieh led to the destruetion of Japanese buildings were : — 

I. The heavy roofs, whieh are usually made of a heavy 
iramework earrying a layer of heavy tiles bedded in a thiek 
layer of mud. The roofs of the farmers' houses are covered 
with a heavy thateh. These latter fell intaet, and even now 
the eountry is covered with these saddle-shaped masses, whieh 
have served as temporary tent-Iike shelters. 
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2. Tlie want of eross-braeing and the ihinness of the vertical 
supports, the strenglh of whieh, as pointed out by Mr. W. 
Silver Hall, is redueed to perhaps an eighth of what it might be, 
by a variety of tenons, mortiees, and other euts, made for the 
reeeption of eross-timbers. 

Both of these faulls in the eonstruetion of an ordinary Japa- 
nese dwelling might be easily overcome, but from the buildings 
whieh are now being ereeted itis elear that the 8urvivors prefer 
that to whieh they have been aeeustomed and ean easily obtain. 
Buildings to resist earlhquake motion are oulside ihe experience 
of ordinary earpenters in Japan, and any novelty in eonstrue- 
tion would be expensive. For these reasons, and perhaps 
with the idea that severe earthquakes only reeur at long intervals, 
the inhabitants of the Nagoya distriet are giving another trial 
to the old forms of eonstruetion. 

Among the buildings whieh were only shattered, but whieh 
did not fall, are two eastles and several heavy-roofed temples. 

The eastles stood, partly perhaps, beeause they were well 
built, partly beeause ihey were surrounded by deep moats, but 
chiefly on aeeount of their pyramidal form, their bases being 
sufficienlly wide and strong to withstand ef¥ects due to the 
inertia of their upper parts. 

The temples undoubtedly resisted the severe movements 
partly beeause they were well huilt, but chiefly, perhaps, on ac- 
eount of the multiplieity of jointed eorbel-work, whieh eomes be- 
tween the upper parts of the supporting pillars and the heavy 
roof. If this had not existed and aeled as a yielding medium 
between the roof and its supports, it seems impossible that the 
lalter eould have resisted the inertia of the load above them. 

A elass of buildings whieh here and there eseaped entire 
destruetion were struetures like some of the sehool-houses, 
whieh were built of wood, and framed aeeording to foreign 
methods. 

The movements whieh eaused all this terrible destraetion 
throughout the Gifu and Nagoya Plain do not appear to have 
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been waves whieh were entirely those of elastie eompression 
and distortion. On the eoast-line to the north of the devas- 
tated distriet we are told that the shore-line rose and ^ell, and 
with this rising and falling the waters reeeded and advanced. 
In the distriet ilseU many eye-witnesses tell us that they saw 
the ground in waves. 

Mr. Kildoyle, an engineeri who at the time of the disaster 
was in Akasaka, says that the waves eame down the street in 
lines. Their height may have been i foot, and the distanee 
from erest to erest anything between 10 and 30 feet ; but he 
very naturally added ihat he eould not be sure of any measure- 
ments, as he was expecting that the houses on one side or the 
other of the street might at any moment fall in upon him. 
It may here be remarked that beeause on the street side of the 
houses in a town there are many openings, whieh make this 
side of the buildings weaker than they are at the baek, the 
tendeney is to fall forwards from two sides into the street. 
For the safety of the inhabitanls of a town, speeial attention 
ought to be given to the eonstruotion of shop and other front- 
ageS| and the streets be made wide. 

Another indieation of wave movement is the statement of 
people who say that after they had been thrown upon the 
ground the movements of the earlh rolled them from side to 
side. A station-master, who tumbled on the ground as the sta- 
tion-house fell elose behind him, showed the wriler the manner 
in whieh he seized one of the rails whilst lying on the ground, 
the rall passing between his legs. While in this position he 
was tumbled from side to side, first striking the ground with 
one shoulder, and then with the other. 

Reasons for believing that in Tokio the ground was thrown 
into long undulations have already been glven. First, there 
was the evidence of our sensations ; seeondlyi the observation 
of the manner in whieh water moved in ponds ; and» thirdly, 
the observations on the movements of braeket seismographs, 
whieh were tipped from side to side. The most eertain evidence 
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about th« tilting is, however, that whieh is furmshed by tbe 
diagrams of many seismographs, whieh, rather than showing a 
series of irregular waves with superimposed irregularities, 10 
almost all eases show a series of elean-eut curve8. In one 
laBtrument whidi wastested, the periodieity of these curve6 did 
not agree with the period of the instrument, from whieh we 
may eonelude that they bad not been formed by swinging. 
Farther, the periods of a consecutive series of waves are not 
eonstant. For example, one set of east and west tiltings foI- 
lowed eaeh olher, with periods measured in seeonds of 3*4, 
2'0, 27, 17, 41, 31, 31, 27. On another instrument another 
set of waves, laken at raodom, foIlowed eaeh other at intervaU 
of 1*9, 2*5, 1.3, and 26 secojids. These obser^ations aUo 
preelude the idea that the reeords were obtained by swinging. 
The most interestiog observation, however, is that a pair of 
eonieal pendulums, the bobs of whieh, supposed to be steady 
points, and whieh had no pointers for multiplieation, gave 
diagrams about twiee as large as similar, but smaller, eouieal 
pendulums whieh earried pointers to multiply any motion re** 
Iative to their bobs 8ix times. 

The aetual reeords are as foIIows : — 

N.S. Motion. E.W. Motioo. 
in. in. 

Large pei)diiluins witli hooins 18 ineiies long... 8 13 

Smali peiiduliims with booms aiid pointers 9.5 

inehes loiig 4 5 

On the assumption that the bobs of these maehines had aet- 
ed as steady points, we should eome to the eonelusion that the 
range of north and south «lotion had been 8 inehes, as given by 
one instrument, whilst it was only *66 ineh as given by another, 
both instruments being in the same building. It is elear that 
these two instruments bad not behaved as modern aeismographs 
are supposed to behave at the time of an earthquake, but be* 
eause the displaeements indieated are praetieally proportional lo 
length of boom, or the length of boom and pointers it may bo 
eoneluded that the instrumeuts had been tilted, and the extent 
of the dispiaeement measure^ maximum slopes of earth-wave8« 
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To interpret these measurements, it is neeessary to plaee a 
kve^ on the stand of the seismograph, and determine by exper!- 
ment the angular valaes of lihing eorresponding to meastired 
movements of the writing-pointers, the latler quantities vary- 
ing with the amount of slability given to the horizontal 
pendulums. Immediately after the earthqaake, Mr. F. Omori 
very kindly made sueh determinations from a seismograph tn 
the laboratory of ihe Iinperial Universityi with the result that 
the maximum slopes whieh this seismograph had reeorded 
were about one-third of a degree. Waves with sueh slopes, 
as shown on the diagram, stieeeeded eaeh oiher at intervals of 
about 2*2 seeonds. The vertical motion whieh was reeorded 
was about 10 mm.; but as ordinary Iever spring instrumentSi 
when the Ievers are not parallel to ihe wave-fronts, are as 
sensitive to tilting as horizontaI braeket or eonieal pendulum 
seismographs, these measurements must be regarded as maxi- 
mum rather than aetual values. Coinbining the maximum wave 
slopes with these reeords of vertical motion, we obtain eertain 
values for the lengths of the waves, whieh may be taken at 18 
or 20 feet; and as we know their period, we may determine 
their velocity of propagation, whieh appears to have been about 
10 feet per seeond. This is exceedingly slow, but notwith- 
standingf the eirors in ihe observalion of vertical motion, I do 
not think the veIocity exceeded double this amount. The 
veIocity of propagalion of more truly elasiie vibrations will be 
referred to later. 

From these observation8, whieh I think are made for the firsl 
time, rather than eoneluding that modern seismographs are 
useless whenever vertical motion oeeurs, we see that on sueh 
oeeasions they must be regarded as angle-measurers. The 
aetion of any braeket seismograph when reeording horizontal 
motions depends greatly upon its inertia, but to obtain the 
best measurements of tilting, any eause likely to produee 
swinging should be minimised. To obtain a true measure- 
ment of vertical motion, the melhod whieh first suggests itself 
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is to have a number of spring lever arrangements in difiFerent 
azimuths, the one whieh happened to have its arm at right 
angles to the direetion in whieh the wave advanced being the 
one whieh would give the best results. 

Independently of any new instruments whieh may be devis- 
ed to measure tilting, we now know that the instruments we 
already possess have a double funclion, not only measuring 
horizonlal displaeements, but also measuring angles of tilting. 
In order to take advantage of this seeond function, it is 
neeessary that when a braeket or eonieal pendulum instru- 
ment is onee set up, experimenls should be made to determine 
the effects of tilling, otherwise, should it be tilted by an earth- 
quake, its reeords will not be measurable. 

An investigation of eonsiderable importanee in eonneetion 
wilh the inlensity and direetion of motion, whieh has been 
earried outby Mr. F. Omori, relates to the overturning of bodies 
of various dimensions. At all temples, whieh are as thiekly 
distributed as the towns and hamlets, there are stone lan- 
terns, standing on eireular or square pedestals, whilst in the 
vicinity there are hundreds of gravestones, whieh are square 
or reetangular in seetion, and stand freely on their end. Ap- 
plying the overturning formuIa to some thousands of these 
whieh were overturned in the Nagoya-Gifu Plain, average 
minima and maxima values for the aeeelerations experien- 
eed at different points within the earthquake area have been 
determined. Inasmueh as the results given by the formula, 
whieh is due to Profe8sor C. D. West, conform with the 
results obtained byexperiment, we have every confidence in the 
figures given in the foIlowing table : — 
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Aybragb ovbrturnino accblbration and mban dirbction 
oF Shock. as bxpbribncbd at yarious Placbs in thb 

Shakbn Arba. 

Calculatbd by Mr. F. Omori. 



Plaee, Distriet, and ProTinee. 


Intensity in Mil- 

limetres per see. 

per see. 


Direetion. 


Tsu. Ano, Ise 


.<2,000 

-< 1 ,900 

2,000 

-<2,400 

2,000-2,700 

1,700-1,800 

-*5900 

2.300-3,500 

2,600 

2,600 

2,500 

2,600 

=»•4,100 

=»•4,000 

=»-4,300 

=».2,100 

^•2,600 

2,300-4,000 

2,500-3,500 

4,000 

3.000 

3.000 

>-3.9oo 

-*5 1,900 
^-^.ooo 
^•^^^oo 

-*52,200 

About 1,600 
>. 1,800 

>-2,O0O 


S. 70° E.-N. 70*^ W. 
S.E E.-N.W.W. 


Yokkaidii. Mive. Ise 


Kuwana. Kiiwana. Ise 


E. io®N-W. 10° S. 


Tokonabe. Gliil'*. Owaii 


E.-W. 


Handa. Clnla, Owaii 


S.E.-N.W. 


Toyobashi, Alsinni, Mikawa... 
Okazaki, Nukada, Mikawa ... 
Alsuta. Aieiii. Owaii 


S. 75° E.-N. 75° W. 
E.N.E.-W.S.W. 


Northern pai t of Nagoya (To- 
sb oeoo) 


S. 80° W.-N. 80° E. 


Nortb-eastei n eorner of Nagoya 
rKenebiuii) 


S. 6o®W.-N. 60® E. 


Cen(tai oait of NaeroYa 




Mean for NriPOYa 


S. 65° W.-N. 65^ E. 
E.N.E.-W.S.W. 


Bamba. Kaito. Owaii 


Tsusbinia. Kaito. Owaii 


E.-W. 


Jiminokiiji, Kaito, Owaii 

Sbimo-Olai, Nisbi Kasugai, 
Owai i 


E.-W. 

Nearly N. and S. 

Cbiefly E. and W. 

sayW.S.W.-E.N.E. 

Cbi^fly N. and S. 

say S.S.W, N.N.E. 

S.W.-N E. 


Komaki, Higasbi-Kasugai, 
Owai i 


Iwakura, Niwa, Owari 

Ko6f i. Niwa. Owaii 


Imaiebiba. Niwa. Owari 




Inaelti. Niwa. Owari 


S. 15° W.-N. 15° E. 
W.N.W.-ES.E. 
W N.W.-E.S.E. 
W.S.W.-E N.E 


lebinomiya, Nakajima, Owari. 

Kasamalsu, Haguri, Mino 

Gifu. Atsumi. Mino 


Ogaki, Ampaebi, Mino 


N.N.E.-S S.W. 


Kilat'ata. Molosii. Mino 


Neaily N.-W. . 


Beppu, Motosu, Mino 


Kiirono, Katagata, Mino 

Moniii. Motosii, Mino 


S. 50° W.-N. 50° E. 
S.60® W.-N. 60° E. 


Koebibara, Motosu, Mino 

Komi, Molosii, Mino 


N. 20° W. 
S. 60° W. 


Higaslii-Kalabiia, Kani, Mino 
Dota. Kaiii. Mino 


N.-S. 
S. 20® W.-r4. 20° E. 


Imawataii, Kani. Mino 


N.-S. 


Mitake, Kani. Miiio 


W.N.W. 


Takayama, Toki, Mino 




Tokiguebi, Toki, Mino 


N. and S. 
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Plaee, Diatriet, and ProTinee. 

Tajiini, Toki, Mino 

Ikeda-Maeliiya, Tokt, Mino ... 
Utsntsii, Higaslii - Kasu^ai, 

Owat i 

Akeelii, Higaslii - Kasii|;ai, 

Owari 

Oito, Ono, Ecliizeii 

Kalsiiyania, Ono, EchiZ'ii 

Fiijisliima, Yosliida, Ecliizen... 

Fukui, Asiiwa, Echizen 

Asozu, Asnwa, Eelii^eii 

Midoehi, Imadale, Echizen ... 

Sabai, Imadale, Echizen 

Takefii, Iinadate, Echizeii 

Higashiiira, rsiiruga, Echizen. 
Tsiitu^a, Tsiiriiga, Echizen ... 

Nagahama, Sakata, Omi 

Hikoite, Inukami, Oini 

Kiolo, Yainashiro 

Inari, Kii, Yairhashiro 

Fukakusa, Kii« Yamashiro 

Fiisltimi, Kii, Yamashiro 

Nara, Yainato 

Horiiiji, Yamato 

Osaka, Seilsu 



tlntensity in Mil- 
llimeiret per tee 
per see. 



About 



Ahout 
Al>out 
Aboiti 
Aboul 
A»>oiii 
Aboiit 
Aboiit 

Aboiit 



2,000 

.2,000 

-1,200 

1,200 

•1,300 
2.500 

:i,ioo 

2,000 

1,800 

1,200 

1,300 

1,200 

2,400 

2,700 

: 1,200 

1,000 

1,000 



About 1,300 
Aboiit 1,000 



Direetion. 



S.S.W.-N.N.E. 
S. 20° W.-N. 20° E. 

S.35<^W..N.35<^E. 



E.-W. 

Nearly N.-S. 

Neaity N.-S. 

N.N.E.-S.S.W. 

S.30° W. 



N.-S. 

N.N.W.-S.S.E. 

Nearly N.-S. 
N.N.W.-S.S.E. 
S.S.W.-N.N.E. 
N. io<* W.-S. 10° E. 
N.-S. 
S.S.E.-N.N.W. 
S.S.W.-N.N.E. 
S.S.E.-N.N.W. 



The prineipal measuremenls obtainable from the reeords of 
seismographs are as follows : — 

I. ToKio. Gentral Meteorologigal Station. 

Maximum horizontal motion, N. and S., aboat 28 mm. Period, 

1.4 see. 

Maximom horizontal motion, £. and W.>about 32 mm. Period, 

2.5-4.0 sees. 
Maximam vertical moiion, 3.1 mm., with {period .84 see, and 

4.4 mm. with period 2.3 sees. 

2. ToKio. Imperial Uniyersity. 
Maximam horizontaI motion, >35 mm. Period, 2.0 see. 
Maximum vertical motron, 9.5 mm. Period, 2.4 see. 

3. OSAKA. 

Maximum horizontal motion, 30 mm. Period, i.o see. 
Maximam vertical motion, 8 mm. Period, i.o see* 
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4. Nagoya. 
Maximum horizontal moiion,>-26 mm. Period, 1.3 see. 
Maximam vertical motion, 6.2 mm. Period, 1.5 see. 

5. GlFU. 

Maiimum horizontal motion, 18 mm. Period, 2.0 sees. 
Maximum vertical motion,>ii.3 mm. Period, 0.9 see. 

At the two latter plaees ihe reeords only showed the first 
half-dozen vibrations of the disturbanee, after whieh the build- 
ings fell, and the instruments were buried. 

At several plaees in the Neo Yalley objects like gateposts 
have apparently shifted their positions by jumping, eaeh leap 
being from i to 4 feet. 

Another observation, also due to Mr. Omori, is that the 
greater number of eolumns in one distriet feli in one direetion, 
whilst those in another distriet fell in some olher direetion * 
Thus, in the southern part of the Nagoya-Gifu Plain, on its 
eastern side, eolumns fell towards the west, whilst at towns on 
the western side of ihe plain they fell towards the east — an 
observation whieh suggesls that the movements eausing over- 
turning had advanced eastwards and westwards, from a line or 
traet running norlh and south down the eentre of the plain. 
In the northern part of the plain the direetion of motion, 
similarly determined, must have been more north and south. 

Fromthe measurements of maximum aeeeleration, and from 
the reeords of seismographs whieh at Nagoya and Gifu gave for 
the eommeneement of the disturbanee the period of the baek 
and forth*motions, we may approximateIy determine the ampli- 
tude and maximum range of motion. The foIIowing area few 
of sueh determinations, whieh i t will be observed do not materially 
dif¥er from the widlh of fissures found in the open eountry. 
The period taken is one and a half seeond : — 

Plaee. Aeeeleration mm. per see. Range o£ Motion. 

West of Nagoya 4,500 495 mm.= i9i inehes 

Komaki and Kasamatsu ... 4.000 440 mm.=i7i inehes 

Gifu and Ogaki 3,000 330 mm.=.i3 inehes 

J 
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It must be remembered that all the numbers given referring 
to aeeeleration and range of motion only apply to the open 
plain, and not to free surfaces like river banks or lines of 8oft 
material like river-beds. A phenomenon whieh seemed to 
aeeompany most, if not all, of the Nagoya-Gifu shoeks was a 
hollow, booming sound. These sounds, whieh aeeompany all 
great earthquake8, and even small ones, if they oeeur in roeky 
regions, have been diseussed at eonsiderable length in the 
" Transaetions of the Seismologieal Soeiety " (jsee voI. xii. p. 53, 
and p. 115). They are evidently the result of vibrations eon- 
veyed through the earth, and may be eontinuous with tbe 
large vibrations whieh eonstitute the earthquake. Professor 
Tanakadate endeavoured to determine the intervals in time 
between the sound and the subsequent shakings. Sometimes 
there was an interval of one or two seeonds, whilst at other 
times the two phenomena were synehronous. The distanee of 
the point of observation from the origin of these disturbanees 
was in all probability at least 10 or 12 miies. While the writer 
was at Nagoya, whieh may have been from 25 to 45 miles 
distant from the earthquake's origin, the sounds never preeeded 
a shaking by more than two seeonds. Sometimes they were 
synehronous, and often there were sounds without any subse- 
quent shaking. 

Very many observations were made in Tokio, on the Gifu 
Plain, and in other plaees, to determine the velocity of pro- 
pagation. These have not yet been eomputed, but the dis~ 
turbanee appears to have reaehed Tokio at rates of about 8,000 
feet per seeond. 

From observations made at the Zikawei Obser^atory, near 
Shanghai, whieh is, roughly, 1,000 miles distant,, the velocity 
with whieh the movement was transmitted was about 5,104 feet 
per seeond. As stated in newspapers, the time taken to reaeh 
the Berlin Astronomieal Observatory, in round numbers, was 
forty-nine minules, ihe velocity of transmission being about 
9,840 feet per seeond. The disturbanee apears also to have 
been noted at the Magnetieal Observatory in Potsdam. 
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Although numerous experiments and obseryations have been 
made to determine the velocity with whieh motion is conveyed 
through the earth, we have not as yet any salisfactory ex- 
planation of the great differences whieh have been observed. 

From a long series of experiments, extending over several 
years, whieh were made in Tokio, where earth disturbanees 
were eaused by exploding eharges of dynamite, velocities 
were oblained varying from 200 to 630 feet per seeond. AU 
these experimenis were made in alluviuni. Amongst olher 
resuUs the foIIowing were of importanee : — 

1. The velocity of transit deereases as a disturbanee radiates. 

2. The veIocity of transit varies wilh the intensity of the 
initial dislurbanee. 

3. The motions transmitted most rapidly are vertical free- 
surface vibrations; normal motions eome next, whilst the 
lowest reeords obtained were for transverse motions (jsee 
"Trans. Seis. Soe," voI. viii. p. 50, &c.). 

Mr. Mallet determined a veIocity in sand of 824*915 feet, 
and in granite, of 1664*576 feet per seeond. General Abbott, 
at the destruelion of FIuod Roek, noted veIocilies as high as 
20,526 feet per seeond. Professor S. Neweomb and Gaptain 
C. Dutton determined velocities for the Gharleston earthquake 
of 17,072 feet per seeond. The highest velocily for a sound- 
wave through piano steel of density yy is given by Tomlinson 
at 5,198 metres (17,049 feet) per seeond. 

Although elastie vibrations may have been transmitted from 
the earthquake distriet 150 miles to the Tokio Plain at the 
rate of several thousand feet per seeond, the resultant gravity- 
waves in ihe Tokio Plain itseU do not seem to have been pro- 
pagated at a greater rate than a few feet per seeond. With 
these results before us, all we ean say, is, that earthquakes 
have eaused motions in the ground, whieh apparently have 
been transmitted at rates varying between 20 feet per seeond 
and 20,000 feet per seeond, the latter being a rate whieh i$ 
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higher than that at whieh sound waves are propagated through 
hard steel. Attention has often been ealled to these facts, 
but any expIanation for them has not yet been formulated. 

The result of Professor Tanakadate's magnetie survey shows 
that there is a slight irregularity in the isomagnetie curves, 
showingthe daily ehange in deelination, whieh does not appear 
to have been notieed before the earthquake. 

A eurious observalion, made by Dr. Julius Seriba and other 
medieal men, was that many of the troubles amongst the wound- 
ed, like tetanus and erysipelas, were in great measure due to 
the result of nervous excitement. From my own observations 
at a time whenall were eamped in the midst of ruin, and every 
few minutes a shoek was heralded by a booming soutid, the 
only effect that the great eatastrophe had produeed upon the 
people was, when they heard one of these unaeeountable noises, 
to eause them to aet wilh unusual quickness in seeking safety. 
Amongst ihe Japanese, so far as I eould learn, there was no 
hysteria, fainting, or nervous proslration like that whieh was 
observed amongst European wonien. Alihough they were 
surrounded by ruin, the dead, and ihe dying, all thathappened 
when a hollow thundering announeed a eoming shoek was that 
they ran quickly for the open, shortly afterwards eoming baek 
laughing and talking about the terrible effects of earthquakes. 
Notwithstanding this, it is not unlikely that this disaster will 
have produeed an impression sufiicienlly great ihat for many 
a year to eome it will be eommemorated by a religious eere- 
mony, when services will be performed in honour of the dead. 

The Nagoya-Gifu Plain is a flat expanse of rieh alluvium, 
covering an area of about 600 square miles. On its east and 
west sides it is fringed by low hills made out of tertiary tuffs 
lying at the feet of palaeozoic mountains whieh rise to heights of 
from 2,000 to 4,000 feet. These latter, whieh stand up in 
serrated ridges and overIook the plain, are eomposed of slates, 
sehists, and other metamorphie roeks. Here and there beds 
of limestone are found, and rising from the midst of tbese 
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hills are 8everal large granite bosses. Yoleanie roeks do not 
exist in this part of Japan. From aneient maps and historieal 
aeeounts we know that the southern portion of Ihis plain has 
rapidly been eneroaehing on the sea. This, no doubt, is 
largely due to sedimentation ; but beeause evidences of eleva- 
tion exist at so many plaees along the eastern eoast of Japan, 
it is reasonable to infer that the growih of land niay in part be 
attributable to ihis eause. A eertain number o£ earthquakes 
are every year reeorded in the Nagoya Gifu Plain, but it is by 
no means so often shaken as many olher parts of the Empire. 
A somewhat remarkable observation eonneeted with the 
seismologieal history of this portion of Japan is the fact that, 
allhough written reeords of natural phenomena are usually 
fewer the further we go baek in time, yet, from what has been 
ehronieled, great earthquakes were more frequent in the dis- 
triet belween Nagoya and Osaka in bygone times than they 
have been during more reeent times. The last severe shakings 
at and near Gifu took plaee in 1826, 1827, and in 1859. 
Many ordinary buildings and even mountains sufiFered, people 
and animals were killed, rivers stopped up, and Aoods oc- 
easioned. The shoeks lasted for several days. A rather 
severe shoek was felt on May 12, 1889. In 1880 there were 
shoeks and sounds eame from the north-west. From 1885 to 
1890 the number of shoeks annually reeorded in that distriet 
were respectively 9, 4, 10, 12, 15, and 36. In 1888, in one 
loeality near to the eentre of the late disturbanee, 19 shoeks 
were reeorded ; in 1889 the number was 15 ; in 1890 there were 
2G shoeks; and between January and Oetober 1891, that is, up 
to the time of the great disturbanee, 26 shoeks were noted, 
These figures suggest the idea ihat for four years before the 
Great £arlhquake there was a marked inerease in seismie 
activity, and that an unusual numberof small disturbanees had 
heralded the great eollapse. 

£ven if it is only sometimes true that small shakings warn 
«s of larger ones to folIow^ beeause the lalter are so terrible in 
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their efFects, it would seem well to carefully study distriets in 
whieh from time to time there are definite indieations of an 
inerease in underground activity. 

£arthquakes generally oeeur in mountainous eountries 
where the mountains are geologieally young, or in eountries 
where there is evidence of slow seeular movements like eleva- 
tion. These latter movements are usually well marked in 
voIcanic eountries, and it is not unlikely that the majonty of 
earthquakes, even in voIcanic eountries, are the result of the 
sudden yielding of roeky masses whieh have been bent until 
they have reaehed a limit of elastieity. The after-shocks are 
suggestive of the setting of disjointed strata. 

In Japan,the majority of the earthquakes whieh we experience 
do not eome from the voIcanoe8, nor do they seem to have 
any direet eonneetion wilh them. Assuming that the greater 
numberof earthquakes representinterruptions in the general pro- 
eess of roek erumpling, it would appear that light might be thrown 
upon the time of their oeeurrenee by careful observalion on 
the ehange of level in a distriet where seimie disturbanees were 
frequent. To aeeomplish this it is suggested that several 
miles of water-pipes be laid at right angles to a known axis of 
eIevation, and that eontinuous pholographie reeord be kept 
showing the height of the water in standards at eaeh end of 
the line. A more eomplete arrangement woutd be to have two 
lines of piping, plaeed at right angles. The eost of the instal- 
lation would be about 5cx)/. or 3,500 ^'^w. 

PossiblyseU reeording tromometers sueh asare deseribed in 
this number might at mueh less expense throw light upon the 
questions relating to ehange of Ievel. Arrangements for these 
investigations are now being made. 

In eonelusion, it must not be overIooked ihat these remarks 
on the Great £arthquake only aim at giving an outline of 
phenomena whieh have been observed, and the geneial eharae- 
ter of the results to whieh they lead. The eomplete aeeount 
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of this great disaster to be issued under the auspiets of the 
Imperial University of Japan will not be ready for publi- 
eation for several months. 
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